addressed to 


JOURNAL 


OF THE 


AMERICAN WATER 


CONTENTS 


Special Summer Sprinkling Rates and Off-Peak Rates for 
Other Purposes. «4 . E. McDonnell, R. B. Simms, 
W. R. LaDue, John Winder, and George F. Hughes. 1265 
The Sewer Rental Method of Sewerage Financing. By 


Discussion by W. W. Morehouse...................... 1291 
Discussion by H. F. Blomquist....................... 1295 

Mechanies of Adsorption by Means of Activated Carbons. 
By Mathew M. 1299 
Taking the Guesswork out of Activated Carbon Dosage. 

Discussion by John R. Baylis........................ 1330 


National, Munici cipal, and Privately Owned Water Supply 
Systems i in Cuba. By J. A. Cosculluela............ 1335 
Corrosion Control—Studies and Operating Experiences. 
Glee DE H. Wiggin, George D. Norcom, I. M. 
Glace, D. E. Davis, H. M. Olson, J. Walter Ackerman, 
Automatic Pumping Equipment. By S. A. Canariis.... 1388 
A New Development in Deep Well Pumping. By D. W. 


Additions to Membership List........................ pe 


All correspondence relating to the publication of papers should be 
Harry E. Jordan, Secretary | 
> 22 East 40th St., New York 


Single copies, to members—50 cents, to non-members—75 cents 


a", 
| > 
lif 
ent 
on 
del 
es, 
us oL. 30 AUGUST, 1938 
nd 
ge 
1g 
AS 
; 
| 
| 
4 


CHLORINATION- 
geared to your requirement 


WHETHER your chlorine requirements call for fractions of an 
ounce per hour or thousands of pounds per day, there is 
a W&T Chlorinator designed to meet your specific need— 
built to give you dependable, accurate, low cost service 
today, tomorrow and for years to come. 


Visible Vacuum Chlorinators, tried and proven in many thov- 
sand installations, are now available in all capacities from 
.03 pounds to 6000 pounds of chlorine per day. Does your 
job call for semi-automatic or full automatic control? A 
standard W&T equipment will meet your specifications, 
whether the use be for water works, sewage treatment, swim. 
ming pool or industrial chlorination. 


You profit by choosing a W&T Chlorinator. Back of every 
equipment is a quarter century's experience in the design and 
manufacture of chlorine control equipment—an experience 
built upon well planned design, high calibre manufacturing 
and painstaking selection of the best materials. Now, more 
than ever, W&T are privileged to say “Whatever your re 
quirements, we have a Chlorinator to meet them.” 


Ask for Technical Publications describing W&T Chlorinators 


WALLACE & TIERNAN CO. 1 


Manufacturers of Chlorine and Ammonia Control Apparatus 
NEWARK, N, J. Branches in Principal Cities 
“The Only Safe Water is a Sterilized Water" 


CHLORINATORS FOR WATER WORKS « SEWAGE PLANTS 
SWIMMING POOLS INDUSTRIAL PLANTS 
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SPECIAL SUMMER SPRINKLING RATES 


A Round Table Discussion — 


By R. E. McDonnELL, R. B. W. R. LaDus, Jonn B. WinDER, 
AND GEORGE F. HuGHEs 


R. E. McDonnetui. My interest in special summer sprinkling 
rates originated with the design and construction of the new water 
supply for Little Rock, Arkansas. The city recently became the 
owner of the water works plant and inaugurated a new, soft water, 
gravity supply to supplant the former supply which was taken from 
the Arkansas River and which was an unsatisfactory, hard, salty 
water containing considerable pollution. : 

Due in some measure to the previous supply beingunsatisfactory, 
the water consumption was very low, being only 65 gallons per capita __ 
per day, or about one-half the average consumption per capita of 
cities of this population. 

The new supply of water is adequate to supply a volume of water 
four times that now used by Little Rock. The city, having this 
adequate supply of water of a good quality, was desirous of adopting 
a program that would produce a larger consumption of water and the 
consequent increase in the revenues. vv 


Presented at the New Orleans convention, April 27,1938. The participants 
were: R. E. McDonnell, Consulting Engineer, Burns & McDonnell, Kansas 
City, Missouri; R. B. Simms, Superintendent, Water Works and Sewage 
Disposal, Spartanburg, South Carolina; W. R. LaDue, Chief Engineer and 
Superintendent, Bureau of Water Supply, Akron, Ohio; John B. Winder, 
Superintendent, Waterworks Department, Dallas, Texas; and George F. 
Hughes, Executive Secretary, Board of Water Commissioners, Denver, 
Colorado. 
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Upon completion of the new water supply project, the management 


q 4 of the water works was placed in the hands of a Board of Water Works 
ia Commissioners who immediately set out upon a program of popular. 


izing the water supply and water works in order to bring about 4 
greater use of water and, along with increasing the revenue, to 
accomplish a further purpose of beautifying the entire city. The 
Board was composed of three business men, all of whom had been 
outstandingly successful in their own enterprises. None of them 
had had any experience in the management and operation of water 
works properties, but each took over his job with earnestness and 
enthusiasm. The Board has launched a program of popularizing the 
water department largely on the theory that the water is a commodity 
that could be sold in far greater volume if it were properly advertised 
and its good uses placed before the public. 

The Water Board placed the question of special sprinkling rates 
before us, their consulting engineers. My objections to special 
summer rates were met with many new arguments by the Board of 
Water Works Commissioners. The Chairman, Herbert L. Thomas, 
highly successful in his own business (he is head of a large insurance 
company), wanted to apply in some degree the selling of life insurance 
to the business of selling water. At the outset he frankly stated 
that if he had had a long experience in water works matters he prob- 
ably would not feel like undertaking this task. He admitted he was 
a novice at the business, and that he was making suggestions of a 
program that he anticipated would meet with opposition from the 
experienced water works people. All he asked of us, as engineers, 
was that we approach the thing in a fair, unbiased manner. We 
were warned that, regardless of our objections, he was going to give 
special summer rates a fair trial to see how they would work. 

As consulting engineers for the Board, we set out to find out what 
had been the experience of water works superintendents throughout 
the country, and to study their efforts in establishing promotional 
rates. Here I might say that promotional rates in water works have 
been tried over a period of at least twenty years, but the idea has 
received most of its incentive in the last four or five years, probably 
due to the promotional rates put in effect by electric lighting com- 
panies which have been conducting vigorous campaigns to increase 
electric loads and revenues. These electric companies have made 
mention of the fact that the use of electricity has varied up and down 
from the average electric consumption as much as 600 per cent. 


Kee | | 
és 
Bip’ 
4 
= 
<C 


& 


e 


vOL. 30, NO. 8] SPECIAL SUMMER SPRINKLING RATES 1267 


This great variation is said to be due, in a very large measure, to 
sales efforts and to management of the utilities bringing about a 
wider use of electricity and appliances. 

The greater consumption of electricity has, no doubt, been brought 
about by the reduced cost. There is, however, one fundamental 
difference between the promotional rates for electricity and for water. 
Electrical users were encouraged to use electricity at off-peak times, 
while in water works service the promotional rates have almost uni- 
versally been for summer use, right at the time when the load was 
the highest for the entire water works operation. Almost every water 
works plant in the country has its peak load during the months of 
May, June, July, and August. It is then that the pumping facilities, 
reservoirs, pipe lines, and purification plants are most taxed. It is 
easy to see, therefore, why an experienced water works man hesitates 
to undertake a procedure to build up a double load upon the water 
plant at a time when the load is already about all the plant can bear. 

This argument, while true of most water works plants, was hardly 
true at Little Rock because the new water supply was adequate to 
take care of three times the present population, or about four times 
the present water consumption. There was, therefore, plenty of 
reserve capacity to meet a large increase in water consumption during 
the summer months. 

In establishing rates the fundamental principle is to create a rate 
schedule and to base the charges for each service upon the cost of 
that service. The cost of any service rendered without charge must 
be paid for by a charge to some other service. It is, therefore, con- 
tended that free service is merely the shifting of the charge from one 
consumer to another. The service may be free to the consumer who 
receives the benefit, but equally costly to some other consumer who 
does not directly benefit. It is difficult to establish rates without 
deviating from the principle that charges be based entirely upon the 
cost of service. The consumer’s ability to pay, or the amount he 
has been paying in the past, may actually limit the charge for a given 
service to something less than the true cost of that service. In any 
readjustment of rates it is well to consider the practicability of a 
rate so determined and its effect upon the public sentiment toward 
the utility. It may be expedient to depart from theoretical rate 
schedules, but in so doing there is usually an injustice created. 

At Little Rock there exists no detailed consumer-bill analysis 

the number of the revenue in different 
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consumption blocks. Neither does there exist a detailed appraisal 
establishing the exact percentage of costs chargeable to the dif- 
ferent kinds of service, that is, to fire protection, to readiness to serve, 
and to the actual furnishing to consumers. It is impossible at this 
time to tell exactly what effect any major change in present rates 
would have on annual revenues, or to predict in detail the fairness of 
existing charges as between different sized consumers or different 
types of consumers. It is impossible, without these data, to estab- 
lish a theoretically just rate. 

The summer rate at Little Rock might be justified by the fact 
that the new water supply is ample to serve additional water without 
an increase in expense other than a slight increase in chemical cost 
at the purification plant. 

In the consideration of any form of summer rate it will, of course, 
build up the summer demand to the point when enlargement will 
have to be made to the distribution system and, ultimately, to the 
new water supply itself. It makes no difference how adequate a 
supply is, how ample the reservoir capacity, how adequate the pipe 
lines and the purification, this reserve can soon become exhausted if 
the peak demands are made high through reduced rates. 

Our excuse for not wishing to recommend summer rates was that 
the plant should be operated for a period with its new source of 
supply. We believed the popularity of this water would increase 
the consumption, and that it would be better to bring this about 
naturally rather than to bring it about through a reduced rate that 
later might have to be changed if the consumption became too great. 

At Little Rock the Board of Water Commissioners put on a cam- 
paign of advertising through circulars and daily newspapers to 
popularize the water. The Little Rock Garden Clubs, the Little 
Rock Planning Board, Federation of Women’s Clubs, Parent- 
Teachers Association, and all civic-minded individuals and organiza- 
tions of the city were appealed to for carrying out a city-wide beautifi- 
cation project. It was proposed to make a more beautiful Little 
Rock by a full utilization of: Betta sy SO8F 

1. A water of fine quality. 421 to 4140 

2. Lower water rates. The Water Board announced that at any 
time prior to May 1 any Little Rock resident, whether owner or 
tenant might at his option, without any cost whatever, sign a con- 
tract expressing a desire to enter into a city-wide beautification 
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project, and that for the summer months, from June to October, 
all water used in excess of the water usage for the month of June in 
the past would be charged at one-half the regular rate. It was 
acknowledged at the outset that this plan would be an experiment. 
The Board did not claim it to be a perfect plan, but if it was workable 
and would give the people of Little Rock an opportunity to use more 
of the fine quality water at a low rate, then the Water Board believed 
the experiment would be justified. 

3. Financial assistance. The Water Board made arrangements 
through the shrubbery and flower dealers to guarantee substarttial 
and bona fide reductions in prices during the campaign period. The 
Master Plumbers of Little Rock agreed to install sprinkling systems 
during the project period on a minimum profit basis and on a small 
monthly payment plan. 

A city-wide landscape survey was being conducted, and along with 
it an advertising campaign was launched explaining the advantages 
of city-wide beautification. The Water Board immediately set out 
to establish demonstrations, and to set a good example by developing 
and beautifying the reservoir and filter plant grounds, the auxiliary 
dam site, and the main dam site, Winona Lake. Over $100,000 is 
being spent utilizing W.P.A. labor in the beautification of the filter 
plant grounds and the dam site. 

Using other cities as the basis, it was shown how Little Rock citi- 
zens would make a definite saving in dollars and cents by using soft 
water. The savings would be in soap, elimination of damage to 
plumbing, and in other ways. It was shown also that Little Rock 
home owners were paying from $50 to $100 per year for separate 
bottled drinking water, and that this saving could be spent on sprin- 
kling systems, trees, plants, shrubs, and flowers. The fact was 
emphasized that this investment would increase the value of one’s 
own property, add to the beauty and enjoyment of the home, and 
make it possible for Little Rock to be a beautiful city of roses, 
flowers, shrubs, and trees. 

All of this literature issued by the Water Board was edited and 
prepared by a professional advertising man, and was circulated 
throughout the city. There was, therefore, a very good background 
built up to give a wider use to the new water supply. 

Investigations were made of types of summer rates. Some of 
these rates involve an investment on the part of the consumer before 
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he ean secure the reduced rate. The provision of piping lawns and 
- grounds with sprinkling equipment has been one of the measures 
— utilized in some places. 
_ As a modification of this rate and as an effort to make it widely 
used, some thought might be given to the possibility of the Water 
Department financing the initial cost of piping necessary on the 
consumers’ premises to provide separate service for sprinkling water, 
This advance to the consumer could be repaid to the Department 
over a period of time, after which the consumer would receive sprin- 
_kling water at the lower rate. Each installation would involve an 


: average expenditure by the Department of approximately $13 for 


the extra service and meter. It would also involve the temporary 
financing of the necessary piping on the consumer’s premises which 
would average about $100 per installation. Obviously, if this plan 
were to be widely used, it would necessitate the establishment of a 
large revolving fund to finance the consumers’ installations. It 
_ would also permanently increase the Department’s costs because of 
the necessity of serving a single consumer through two meters, one 
_of them only a seasonal meter. The plan, therefore, appears unsound 
and would ultimately result in severe criticism to the Department 
when the sprinkling rate as a separate and distinct rate had to be 
materially increased to cover the true cost of peak demand service, 
Another form of summer rate allows each consumer to use an 
amount in excess of his average winter month usage at a reduced rate 
during the summer. This is a cumbersome sort of rate, involves a 
lot of bookkeeping, and puts every consumer in town on a different 
rate schedule. Such rates always create real controversy because 
two consumers using exactly the same amount of water for the same 
purpose pay a different amount for it. Ultimately, too, if a uniform 
rate is put into effect to give the same total revenue that the numer- 
ous individual rates have created, the result is to raise the rate on 
half of the consumers in town, and in that half are the ones who have 
most whole-heartedly supported the Water Department’s program 
by increasing their consumption. This form of rate is not just. 
It will usually create more ill will than good will. 

Spartanburg, South Carolina, tried a rate of this sort in the sum- 
mers of 1935 and 1936, and discontinued it. Greenwood, Mississippi, 
had a very sad experience in its municipally owned electric utility 
with a rate which permitted the individual consumer to pay at & 

reduced rate for any increase in his consumption this year over the 


« 
; 
oes 
‘Wien 
; 
oO 
ir 


id 


ens 


le 


SPRINKLING RATES 


corresponding month last year. Much controversy and dissatis- 
faction among the consumers resulted, and when a just rate was 
finally established half the consumers in town were truly indignant 
that their rates had been raised. 

It is entirely possible that the failure of “individual’’ rate plans 
elsewhere was caused by improper publicity. If, before putting such 
a rate into effect in Little Rock, it were to be pointed out in a clear 
and sustained publicity program that these rates were subject to 
injustices between consumers; and that when finally superseded by 
just rates some consumers would be found to pay more than uhder 
the individual rate; but that, at present under the terms of the 
bond indenture these were the only rate adjustments which could be 
made to try to give the consumers the full benefit of their new supply; 
then, under these conditions, such rates might be successful. 

The simplest and safest type of special summer rate is a flat per- 
centage reduction on all water sales during the sprinkling months. 
This plan does not create new injustices between individual con- 
sumers. It does not necessitate an investment on the part of the 
consumer. It does not involve added permanent overheads or com- 
mercial expenses to the Department, and yet it makes a tangible, 
definite saving to every consumer on the system at the time of year 
when sprinkling water is needed. Further than this, when the time 
comes that the Department finds it advisable to eliminate the sub- 
sidizing of sprinkling service and to put just and constant annual 
rates into effect, the subsidy can be removed almost without comment 
by establishing a uniform annual rate giving the same total reduction 
annually, that was previously given in the four summer months. 
This plan, therefore, offers an opportunity to subsidize summer usage 
to any extent desired at the expense of other seasonal usage, and 
later, when the beautification of the city has been accomplished, to 
remove that subsidy without serious criticism. 

True, any reduction in summer rates, without a corresponding 
increase in other seasonal rates, means a reduction in gross annual 
revenues for the same consumption. The Bond Trustees may object 
to this feature. In Little Rock, however, where rates have been high 
and consumption low, and where this summer for the first time the 
citizens are to have soft water, the effect of any reasonable per- 
centage reduction in the four summer months can be very largely, if 
not entirely, offset in the very first year by a logical program of 
advertisement to increase consumption. 
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Table I shows the reduction in revenues, based on the 1937 cop. 
sumption, which would result from a 10 per cent and a 20 per cent 
reduction during the months of June, July, August, and September. 
Any annual increase in consumption over 1937 will tend to eliminate 
the effect of either reduction. Roughly, an annual increase of 4 
per cent would eliminate the 10 per cent reduction, and an 8 per cent 
increase would eliminate the 20 per cent reduction. 

It is suggested that the reductions be applied to all water con- 
sumed during these months, excepting possibly water used under the 
existing sprinkling rates, or under special contracts. This would 
avoid dissatisfaction from commercial and industrial consumers who 

Little Rock Water Revenues, 1937, showing loss of revenues occasioned by 10 and 
; 20 per cent reductions during summer months 


JUNE JULY AUGUST SEPTEMBER | 
$27,738 | $28,766 | $29,929 | $26,165 
15,644 16,421 16,905 16 , 283 
$44,497 | $46,226 | $48,029 | $43,517 
chy Ve 
Loss of revenue: itn 
10% 4,450 4,623 4,803 4,352 
8,800 9,245 9,605 8,703 
Total Loss of Revenue for 10 Per Cent Summer Reduction.......... $18, 228 
_ Total Loss of Revenue for 20 Per Cent Summer Reduction.......... 36 , 452 


might enter into the program of city beautification and, therefore, 
use some water for sprinkling. 

It is further suggested that the actual amount of the reduction be 
- announced at the beginning of each summer when the results of the 
preceding year’s operations are available. In this manner the full 
excess earnings of the Department can be used to reduce summer 
rates until such time as the beautification of the city has been accom- 
plished, after which the excess earnings can be diverted to a general 
_ rate reduction or other use as the Commission may desire. 
_ Qnly a very small percentage of consumers will install separate 
piping systems for sprinkling water unless these systems can be 
_ financed from the savings on water bills. Generally speaking, sepa- 
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the reduced rate is applied. 
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rate services, meters, and piping systems for sprinkling water are 
economically unsound and do not contribute to permanent good will 
toward the utility. 

“Individual” type rates involving reductions on the individual 
consumer’s excess usage Over some previous period are not generally 
satisfactory because they result in different charges to different con- 
sumers for the same amount of water, and, when finally adjusted to 
a single sound rate, the rates must be raised on an appreciable per- 
centage of the customers. These difficulties might, however, be 
minimized by proper publicity methods. 

Flat percentage reductions during the summer sprinkling seein 
will accomplish all of the desired results without the difficulties offered 
by the other plans, and such reductions can be offset in total revenues 
by relatively small increases in total annual consumption. 

In seeking the experiences of others in the application of special 
summer rates and off-peak rates, much valuable information was 
obtained. L. A. Quigley, in his letter to us, sets forth very clearly 
these complaints. His letter is quoted in part because it lists most ; 
of the complaints: 

“T have had in effect for the past several yearsa summer 
water rate for private residential purposes only andduringthe =| 
five summer months, May to September billing dates. a 

“The average consumption of the three months, Decem- ew. 


summer months are each billed with the winter average 
quantity at schedule rates, and all over the winter average is 


cover such billing and conserve time at the billing machines. = 
“You inquire as to the summer rate’s success, will state = 
that it does encourage the use of water on lawns and, asto 
revenue, this plan does insure winter average revenue before Pheer 


“As to the nature of complaints, will state that there are 
several: 1. If there should be a high consumption month in =~ 
_ any winter average, it raises the summer quantity billed be 
wit at half schedule rate. 2. The consumer using the least eer 
_ water during winter months receives a lower rate during a” Be’ 
_ summer than the more desirable consumer using more water ae 
thi during the winter months. 3. Two consumers register the nie 

same quantity during the summer but - not pay the same 
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- amount for it due to winter average being different at the 
Ae respective residences. 4. The actual saving to the customer 
_-varies from 5 per cent to 45 Pee cont depending upon summer 
quantity and winter average.’’ 

Maurice D. Freidberg, Cashier of the Water Department a 
Topeka, Kansas, writes a most interesting letter concerning their 
experience. We believe Topeka has given the promotional water 
rate perhaps a more continuous trial than any city in the country, 
Mr. Friedberg says (in part): 

“The plan under which we have operated provided that 
_ amy consumer desiring the special rate should pay in advance 
- for 1,000 cu. ft. of water under our regular rate. The special 
rate would start with the regular meter reading date speci- 
_ fied by the consumer and during that month he would be 
entitled to up to 2,000 cu. ft. of water without additional 
_ charge. This special rate extended into the higher brackets 
so that the consumer who would use a larger quantity of 
water might pay in advance for 2,000, 3,000, or 4,000 cu. ft. 
of water and be entitled to up to double the amount paid for. 
7 ‘This rate was in effect during June, July, August and 
September but was restricted to three months for any one 


consumer. 


“Last summer we had about 2,700 consumer month appli- 
- eations for this summer rate consisting of approximately 
1,300 different consumers all of whom used the rate for one 


— or more months. This year we anticipate that the plan 


_will be slightly different in that the consumer will be required 
--—- t@ pay in advance for only 1,000 cu. ft. and will be billed 
for one-half the quantity of water used between 2,000 and 
6,000 cu. ft., thus restricting the amount of water given free 
- to any one consumer to 3,000 cu. ft. per month. 
“The purpose of the advance payment was to eliminate 
any confusion as to which consumers were on the special 
rate and also to eliminate, as much as possible, any billing or 
collection expense. Also, it was determined that the 
increase in revenue, secured by inducing persons who have 
not heretofore used water for sprinkling purposes to increase 
their monthly bill, compensated for the water given free. 
“The plan has met with approval from practically all 
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benefit of their new utility. 


_-R.B. Snes. There is a field for the disposal of off-peak water by 
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who took advantage of the rate but has not been too success- _ 
ful from the standpoint of the number of consumers who: — 
availed themselves of it. We had expected a far greater — 
number would elect to come in under this special rate, 
but, notwithstanding the disappointing response so far, if 
the dry weather continues, we expect to use the rate in some | 
form or another.” 

This letter, you will observe, says that the promotional rate has 
not been fully successful; but, notwithstanding the disappointing 
response, the department expects to use the rate in some form or 
another during the coming season. 

Little Rock has hardly gone far enough in its trial to determine 
the general results. The Board has anticipated the complaints that 
would be made, and has proceeded on the theory that if the public 
were well informed there would be less complaint, and the promo- 
tional rate would stand a greater chance of success. They have, 
therefore, sent out cards addressed to all water users, asking that 
these cards be signed and returned. This card (shown herewith) is 
unique in the fact that it already tells the signer that there is going 
to be discrimination, that the plan is experimental, but it appeals 
to him to give it a fair trial. 

At Little Rock out of 17,000 customers, approximately 100 applied 
for special summer sprinkling rates prior to April, 1938. This 
response of about .6 of 1 per cent was considered very low and indi- 
cates that the sprinkling rate and advertising program had not been 
as favorably received as was anticipated. 

Special summer rates, while economically unsound (and, therefore, 
not to be considered as permanent rates) can be economically used 
for some time in Little Rock because of the excess capacity available 
in the new water supply. They will serve to increase the use of 
sprinkling water, beautify the city, and give the citizens fuller 


both municipally and privately owned water supply utilities. Espe- 
cially is this so for those plants that have an abundance of water 
and ample equipment for its purification and distribution. The 
opportunity that exists in this field is recognized by many throughout 
this country, but the development thereof depends upon local con- 
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APPLICATION FOR SPECIAL SUMMER RaTE REDUCTION 


The Undersigned ............................ hereby applies to the Little Rock 


Name 

Municipal Water Works for Special Summer Rate Reduction, having 
read the questions and examples set out below and accepts this experi- 
mental plan for any benefits which may be derived from it. 


Please read the following questions carefully and consider each 
of them. 

1. Are you aware that the basic rate under this plan is not based upon 
the size of your home or the total amount of water to be used, but 
upon the amount of water to be used in excess of your past use? 
EXAMPLE; Your consumption for the months of May, 1937 through 
September, 1937, will be used as your basic normal rate. If during 
one of those months your water bill was $2.50, then all water used 
in the corresponding month in 1938, in excess of $2.50 will be at 
the new rate. If during one of those months your water bill was 
$5.00, then the new rate will apply only to the amount used in excess 
of $5.00. 

2. In accepting the new excess reduction of rates by the Little Rock 

Municipal Water Works, are you aware that it is an experimental plan 
and has features of discrimination? 
EXAMPLE: Home A, now using a maximum quantity of water and 
who will use little excess water during the summer months over that 
in past years will get little benefit because most of its water will be 
charged at the present rate. Home B, who has used a small amount 
of water in the past during the summer and will use a considerable 
excess amount during this summer, will benefit more because of the 
increase in the water used. 

3. Are you aware that when the Water Commission makes a flat reduc- 
tion of rates and discontinues this experimental plan, the cost of 
additional water then used may be more than under this plan? 
EXAMPLE: When the reduction in all rates is made, Home A above 
will benefit materially because the reduction then will be on all water 
used; and Home B may actually pay more for the excess water then 
used than under this experimental plan. 


I have read carefully the questions and examples above and I understand 
that this is an experimental plan and in some cases discriminatory. I 
accept this experimental plan, however, as an opportunity to receive 
the only benefits possible at this time and shall enter into this project 
‘ 

) make the plan as satisfactory and popular as possible so that all of 
our city may benefit. _ 
Yoo rh 


Sig. 
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ditions. In the city of Spartanburg, South Carolina, the local con- 
ditions are such that rates for off-peak water can be made attractive 
to those industries having need of it. 

In 1923 the Commissioners of Public Works of Spartanburg were 
faced with the necessity of either remodeling the old water plant or 
finding a more abundant supply and erecting a new plant. A con- 
sulting engineering firm, P. H. Norcross Company, Atlanta, Georgia, 
was retained to make a survey and compile a report of all available 
sources within a reasonable distance of the city. The investigation 
by the engineers revealed not only that there was a water supply near 
enough at hand to meet the needs of the city for a long time to come, 
but also that there was a possibility for the development of power. 
The report of the survey was accepted. The plant site was obtained 
and a new plant erected. This plant is a combined hydro-electric, 
filtration, and pumping plant. 

A special sprinkling rate was inaugurated by the Water Com- 
missioners in 1935 but it now has been discontinued. The idea was 
to increase consumption and give the public the benefit of a low rate 
for sprinkling lawns and flower gardens. It was thought that a 
special rate for this purpose would encourage interest on the part of 
the public in a more beautiful city. The low rate was not especially 
intended to increase the revenue. This special off-peak sprinkling 
rate has proved to be impracticable as it did not bring the results 
anticipated. The result of this experience was about as follows: 
First, any special rate combined with the regular domestic rate made 
a greater amount of clerical work. Second, the water consumption 
was not noticeably increased. 

The special sprinkling rate was derived by using the December, 
January, and February monthly bills as a base. The amount of 
water used by the customers during this period served as a minimum 
during the summer months, and all water above this minimum was 
supplied at a liberal discount. 

It was our experience that the people who profited the most from 
this rate were the ones who were in the best position financially. In 
other words, the rich man did not use any more water than he had 
used previously to the rate reduction, and so the revenue from those 
more able to pay was actually less. The poor, or minimum—bill 
man did not use any more water than he had previously because he 
did not have spacious lawns and beautiful flower gardens to sprinkle. 
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The sprinkling rate under these conditions tended toward reducing 
the revenue, and the increased consumption was not noticeable. 

The capacity of the purification plant was designed to meet an 
estimated increase in population within a given time so there was 
more than ample supply to meet the maximum consumption in 1930, 
Taking advantage of this condition, the Commissioners availed them- 
selves of the opportunity of supplying off-peak water to industry at 
an attractive rate. A bleachery located near the city in 1930. The 
bleachery had needs for large quantities of water. The Commis. 
sioners and bleachery officials entered into an agreement whereby 
the water requirements would be supplied by the city. It was agreed 
by both parties of the contract that the industry would provide 
storage capacity sufficient to meet a three days need and that the 
city would furnish the water during off-peak hours. The city 
reserved the right to cut off the supply when any emergency should 
arise. 

The idea as sold to the Underwriters was that water in motion 
which could be diverted by merely closing one valve and opening 
another one was a better working condition than that of having to 
start stand-by equipment in case of an emergency. 

A rate was given this industry which would yield a profit to the 
water department over the cost of production, yet low enough to make 
it attractive. The bleachery is still being supplied with city water 
and the revenue derived therefrom has been materially instrumental 
in keeping “red ink” off the ledger during the depression years 
through which we have passed. 


W.R.LaDve. I shall confine my remarks to special rates, chiefly 
industrial. 

During the period 1930-36 a severe cycle of drought was experi- 
enced throughout the north central states. In the five years from 
1930 to 1934, the average rainfall at Akron, Ohio, was 29.01 in. com- 
pared with the normal of 36.88 in. Thus in 5 years a deficiency of 
39.37 in., or more than one year’s rainfall, accumulated. An analy- 
sis is given in Table I. The minimum years occurred in 1933 when 
there was a deficit of 11.15 in. and in 1934 when the deficit was 
9.91 in. 

Akron industries, particularly manufacturers of rubber products, 
require large quantities of water for successful and continuous opera- 
tion. The major companies have at great expense developed private 
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supplies, either by wells or surface impoundage, to supplement and 
augment the normally large drafts from the city’s supply system. 
Drought conditions reduced these private supplies almost to deple- 
tion. Industry appealed to the city for assistance; the need was 
recognized and the remedy prescribed in the form of special service 
and special rates for the period of emergency. 

Beginning early in 1932 and continuing until March, 1934, a rate 
schedule was set up providing for an off-peak excess as follows: 

“On quantities over 10,000,000 cu. ft. per quarterdrawn 
by any consumer during any of the three quarters of October 
through June, inclusive, and in excess of the quantity over 
10,000,000 cu. ft. per quarter used during the last previous 

quarter of July, August, and September, an off-peak dis- 

count of 50 per cent will be allowed... .” 


TABLE I 
YEAR RAINFALL DEFICIENCY — 
wifi inches inches inches 
1930 27.00 9.88 98 
4931 31.57 5.31 15.19 | 
989 33.76 3.12 
25.73 11.15 29.46 
1984 26 .97 9.91 39.37 
34.64 2.24 
1936 34.15 2.73 44.34 
1937 39.05 (+)2.18 42.17 


The regular rate on this block was 60 cents per 1,000 cu. ft. The 
obvious purpose of the discount was to encourage the industries to 
conserve their private supplies for use in summer activities. An 
increase in demand for city water in the winter and spring would 
thus secure and earn a substantial discount upon a service which the 
city could very readily supply. During this period a surplus of water 
and ample treatment and pumping capacities for the increased load 
were available. 

By the spring of 1934, the shortage in private supplies, even though 
conserved by the application of the rate schedule set up in 1932, 
became steadily more acute with the continued rainfall deficiency. 
In the eastern part of the city, six or seven major industries are 
wae ome the same water course and are provided with intake 
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facilities from a controlled stream. The city was able to provide 
a metered discharge of treated water into this river bed upstream 


: a from the intakes, thus augmenting the depleted natural flow with 
= water readily secured by the intakes of the several industries. By a 
ss prearranged agreement, the water was billed to one consumer who 
—— allocated a part to each user in proportion to his participation. For 


water so supplied an emergency rate schedule was set up as follows: 
ee “Emergency Consumption: For all water, not to exceed _ 

4 5 million gallons per day, discharged into the stream, the __ 

gum of $0.1125 per 1,000 cu. ft. or $0.015 per 1,000 gallons _ 
= shall be charged. The city reserves unto itself the right oil 
imerease, or decrease, or to discontinue the amount 
furnished.” 

This extremely low rate represented only the estimated cost of 
treating and pumping the water. In November, 1935 the charge 
was increased to $0.15 per 1,000 cu. ft. or $0.02 per 1,000 gallons. 

The discharge connection was located on a 36-inch feeder main, 
Thus the city was able to supply the water even at as high a rate as 
5 m.g.d. during periods of regular maximum demand in summer with- 
out serious reduction of pressure in the system. From an operating 
standpoint this schedule was considered rather objectionable since 
it definitely placed a demand on the system during the period in which 
greater demand was least desired. It was considered purely as an 
emergency measure. 
| From the standpoint of a civic asset, however, its functioning was 


b decidedly a successful venture. Plant shut-downs, with attendant 
a es loss of work to thousands, were imminent. The savings in pay rolls 
i: in the affected plants were estimated to be upwards of $1,000,000 in 
a  Jessthan nine months. This figure nearly equaled the city’s domestic 
Be -. collection for that entire year. The cost of the water supplied, on 


the other hand, was less than $6,000 in the same period. 

A matter of interest may be the proportion of total water supplied 
by the city which is used by the three largest industries and the extent 
which these special rates are used. This is presented in Table II. 

In 1934 the city’s entire consumption averaged 23.13 m.g.d. of 
which 4.69 m.g.d. was industrial. Of the latter an average of 
1.21 m.g.d. was furnished under the emergency rate. 

In establishing special rates thought must be given to the effect of 
special rates upon future demands. Systems which now have 4 
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large reserve capacity may be tempted to grant special rates to absorb 
this present reserve and to increase present revenues. However, 
a reserve once used ceases to be a reserve. The offspring of a special 
rate structure may become the principal cause behind additional 
extensions necessitating large expenditures of capital which otherwise 
might not have been required. Also, it will be readily admitted that 
special rates, once established, are difficult to discontinue. 

Several lessons have been learned from our experience. Each 
system is a special case and not only requires but demands ee 
study of such items as: 

& (1) Distribution of supply of water throughout the year. = 


bi 1 
TABLE II 
AVERAGE IN MILLION GALLONS PER DAY 
om 12 Industry City Amount at special rates 
5 At At 1934 
A B Total Total 
1930 0.41 0.48 1.44 2.28 20.71 oe 
1931 0.41 0.37 1.43 2.21 19.92 SANE ins 
1932 0.32 0.33 1.41 2.06 19.22 
1933 0.33 0.38 1.69 2.40 19.50 0.2 pour ot 
1934 0.51 0.53 3.65 4.69 23.13 0.10 1.21 
1935 0.59 0.66 2.84 4.09 21.00 0.61. 
1936 0.54 0.65 2.27 3.46 22.77 0.09 
1937 0.45 0.82 2.22 3.49 21.80 0.01 — 


(2) Distribution of demand for water throughout the year. 

(3) Plant capacity, reserve, and guaranteed continuance of reserve. 

(4) Hourly variations and peak demands for water with attendant 
pressure drops. 

(5) Changes in “load factor” and in “demand load” with addi- 
tional requirements. 

(6) Avoidance of legal difficulties and charges of discrimination 
by or against certain consumers or types of consumers. 

Special rates should always bear an emergency feature with full 
control of withdrawal by the city at the city’s discretion. It should 
be remembered that off-peak loads may often be advantageous to 
both the consumer and the city, but a spirit of close cooperation is 
essential in their practical application. oi) beoltewe of 


e 
n 
h 
0 
: 
r 
le 
. 
> 
. 
= 
pe 
= 
fi 
. . 


1282 McDONNELL, SIMMS, LADUE, WINDER, HUGHES lee A. W. W.A, 


J. B. Wrnvper. The Dallas City Water Works provides each 
summer a special sprinkling rate for lawn and garden sprinkling for 
a five-month period, usually beginning around May 15. 

We realize that, considered strictly from an operating standpoint, 
this is not sound practice, since this added incentive to use water 
comes at a time when the plant has its annual peak load. It does, 
however, have the tendency to flatten out the daily sprinkling peak 
which ordinarily is around 6-8 p.m. The special rate seems to be an 
incentive for the consumers to do more irrigating rather than to 
sprinkle for short periods. 

Dallas has at the present time a surplus of water and will have a 
surplus for probably another ten years. The pumping stations and 
purification plant are in general so built that units can be added as 
needed and at small expense. 

Elevated storage is of ample capacity for a number of years, 
except for one particular area where re-pumping is being done. In 
this area it is expected to provide a one-million-gallon elevated storage 
tank to remedy this condition. The water mains in general are ade- 
quate in size. It will, however, within the next few years, become 
necessary to lay approximately 5 miles of 36-inch water line from 
the pumping station to the downtown area. At the present time 
there is no appreciable drop in pressure occurring from the additional 
draft caused by the special sprinkling rate. 

There are some areas in the city where 2-inch and smaller water 
lines were laid by real estate development. In these areas some 
difficulty is experienced in pressure drop. However, this condition 
holds regardless of sprinkling. These areas are being re-serviced as 
rapidly as funds permit. 

As stated previously, this special summer rate may not be a sound 
operating procedure. Yet, we have a surplus of water, and the con- 
sumer’s needs are greater during the sprinkling season. It is there- 
fore considered good policy to furnish the consumer with the kind of 
service that will be of the most benefit to him. Since this excess 
water would flow down the river and be lost as far as the consumer 
is concerned, it seems only proper that the water consumer be per- 
mitted to benefit to the fullest extent in the use of water at a rate 
that will place it within his means. 

It is agreed by some that special sprinkling rates only have a 
tendency to overload the water system and add expenses for operation 


with no increase in revenue. I believe that to be true. In our case 
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the special rate actually produces less revenue. It is, however, our 
opinion that the reduced rates permit more consumers to do summer 

_ sprinkling and so have nice flowers, lawns and gardens. This means — 
a greater number of satisfied water consumers. After all, a municipal 
. water system is the property of the water consumers, and they should 
be the ones to realize the greatest benefit obtainable. Even though | 
there is increased expense of operation and some capital investment — 
needed from time to time, satisfied consumers are worth the expense. 

I believe operators of municipal water plants should take into 
consideration the welfare and contentment of their customers equally 
as much as trying to earn all the income possible without making _ 
some expenditures. 

The summer rate is based on the consumer’s average use of water _ 
from November to March, inclusive, and all water used above this 
average during the summer months (May, June, July, August and 
September) is billed at 10 cents per 1,000 gallons, regardless of the 
amount consumed. 

The water rates in general are somewhat higher in Dallas than in 
other cities, because sanitary sewers and sewage disposal plant opera- 
tion, outlay, and bond retirement are financed from water revenues. 
Water used by parks and for all municipal uses is furnished without 
cost to these departments. The result is that the water consumer 
must bear the added cost. 

Off-peak rates are being studied in order to try to build up a load 
for the period of little water consumption. It appears that here 
is a possibility of building up a more satisfactory load factor. 


_ Grorce F. Hueues. Denver is located in what is known as the 
dry belt. It has an average precipitation of 14 inches. Conse- 
quently, it is necessary to use large quantities of water during the 
summer period for sprinkling lawns and gardens. Those of you who 
have visited Denver no doubt have been amazed and delighted to 
see the beautiful green lawns after crossing the dry prairie lands east 
of Denver. 

Water rates in Denver are based on a schedule or flat rate, and 
consumers are not required to meter services. The charge for lawns 
or gardens is $0.176 per front foot of property. In other words, the 
charge for a lawn or garden having a frontage of 25 feet is $4.40 per 
annum, and a lawn having a 50-foot frontage has a charge of $8.80. 
—_ are no restrictions or set time for the use of the water. 
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With a served population of approximately 350,000, there was a 
low daily consumption of 34,000,000 gallons during the winter 
season of 1937-38, and during the summer period of 1937 a high 
consumption of 127,000,000 gallons was used in 24 hours. From 
these figures, you may realize the vast amount of water used for 
watering lawns—the secret of Denver’s green grass. 

The average increase of summer over winter consumption is ap- 
proximately 42,000,000 gallons daily, practically all of which is used 
for lawns and gardens. Due to the equable climate in Denver the 
amount of water used in air-conditioning has not created an unusual 
use up to the present time. Only 3 per cent of the 72,700 water 
services are metered. 

The revenue received for irrigating water amounts to approxi- 
mately 19 per cent of the total revenue, while the water consumed 
for this purpose amounts to 25 per cent of the total supply delivered. 
For comparative purposes the rates per thousand gallons of revenue 
received for the several uses of water are: irrigating purposes, 94¢ 
per 1,000 gallons; domestic purposes, 13}¢ per 1,000 gallons; metered 
water, 124¢ per 1,000 gallons. The cost of producing water is 103¢ 
per 1,000 gallons. Therefore, it may be said that the Water Depart- 
ment is subsidizing the maintenance of Denver’s beautiful lawns. 
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THE SEWER RENTAL METHOD OF SEWERAGE _ 
‘ FINANCING ba 
Water Department Collection Experiences 
ai By Ropert A. ALLTON 


The financing of sewerage works by sewer rentals is of increasing 
interest to water works men because of the tendency, in larger cities _ 
at least, to base the sewer rental charge on water consumption and 
thus place upon the water department the duty of billing and collect- 
ing the charges for sewerage as well as its own charges for water. 
This discussion will attempt to give a general picture of the sewer 
rental problem and to point out certain ways in which the computa- 
tion of sewer rental rates and the billing of sewer rental charges varies 
from the corresponding procedures in water works. 

The advent of the PWA and WPA programs of the federal govern- 
ment, coupled with pressure from State Departments of Health, 
have in the past few years given impetus to the construction of a 
large number of badly needed sewage treatment works. While funds 
for construction were made available in part through these agencies 
and in part by bond issues, there remained, after construction was 
completed, the problem of financing their operation. The financial 
status of many cities and, in recent years, the heavy demands for 
poor relief have precluded appropriations for operation from the 
generalfund. It has been necessary to seek other sources of revenue. 
As a result, over thirty states have now passed enabling legislation 
which permits municipalities to make a direct charge for sewerage 
service. 

This brings us to one difference between water works financing 
and sewerage works financing. In the case of water works, the rates 
are set to bring in sufficient revenue to pay not only the costs of opera- 
tion and maintenance but also to pay the fixed charges. But, with 
the great majority of sewerage works, the rates are set to bring in 
only sufficient revenue to pay the costs of operation and maintenance, 


A paper presented at the New Orleans convention by Robert A. Allton, 
Consulting Engineer, Division of Sewage Treatment, Columbus, Ohio. 
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funds for fixed charges being raised by taxation. In many cases, 
however, the enabling legislation provides that any surplus in the 
sewer rental fund at the end of the fiscal year may be applied to debt 
service. 

Another difference in water works and sewerage works financing 
is due to the character of service rendered. A water works furnishes 
a practically uniform product to consumers and consequently the cost 
of service for any consumer is a function of the quantity of water 
consumed. A sewerage works, on the other hand, receives from the 
producer sewage which varies not only in quantity but also in 
strength. Since the strength of the sewage directly affects the cost 
of sewage treatment, the cost of sewerage service for any producer 
is a function of both the quantity of sewage produced and its strength. 
This point will be considered further in the discussion of rate 
schedules. 

If the assumption is allowed that the sewer rental charge should be 
proportional to the use made of the sewerage facilities, the ideal 
method of computing the charge would be to measure continuously 
both the volume and strength of the sewage entering the sewer from 
each premises and, with this data, develop a series of rate schedules 
based both on volume and strength. This, however, cannot be 
done because there is no meter available which will accurately meas- 
ure small volumes of sewage in the condition it leaves the average 
premises. Also there is no means by which the strength of this 
sewage can be continuously measured and averaged. 

It will be readily seen that in the computing of individual bills is 
another difference between water works and sewerage works practice. 
The quantity of water used by any consumer can be accurately 
metered, and the amount of the consumer’s bill is this quantity multi- 
plied by the appropriate rate. The quantity of sewage leaving a 
premises cannot be accurately measured and, in computing the 
amount of the producer’s bill, either recourse must be had to some 
indirect measurement which bears a fixed ratio to the quantity of 
sewerage produced or some other method must be used. This brings 
us to a discussion of the principal methods which have been adopted. 

One basis of charge for sewer rental is analagous to the flat rate 
schedule employed by some water works and is illustrated in Table I. 
Under this plan, the charge for dwellings and apartments is based on 
the type of building served by the sewer connection; the charge for 
hotels is based on the number and type of rooms; the charge for stores, — 
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yestaurants, offices, and mercantile establishments is based on the 
number and type of fixtures; and the charge for rooming houses, — 
- factories, and shops is based on the number of persons living or — 
employed on the premises. This method is open to the objection ; 
that the charge for any premises may bear little or no relation tothe _ 
‘quantity or strength of the sewage there produced, and for that — 

reason the cost of operation and maintenance of the sewerage works rs 


TABLE I 
Flat rate schedule of sewer rental charges 


Dwellings and Apartments: 
: One-Family (one connection).......................... $4.00 per annum 
Two-Family (one 7.50 perannum 
Two-Family (two connections)......................... 8.00 per annum 
Four-Family (two connections)........................ 15.00 per annum 
For each additional family on same connection......... $3.75 per annum 
Hotels: 

Por each room with bath...........................055 $1.75 per annum 

For each room without bath........................... 1.00 per annum 
Rooming Houses and Fraternities: 

$4.00 per annum plus $1.00 per annum for each person renting a room therein. 
Stores, Restaurants, Offices, and Mercantile Establish- 


ments: 


Factories and Shops: 
For each and every person employed or engaged in 


“i services on the premises: 
_ More than 10 and not over 25 persons, each.......... 0.90 per annum 
_ More than 25 and not over 50 persons, each.......... 0.80 per annum 
‘ More than 50 and not over 100 persons, each......... 0.70 per annum 


may be inequitably apportioned among the users. For smaller 
cities which are entirely residential it may, however, yield satisfactory 
results. 

Another basis of charge for sewer rental is illustrated in Table II. 
Here the charge is based on the number and type of fixtures on each 
premises and also upon the character of the premises. This method 
is open to the same objections as the first method described, and, in 
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addition, the weit of such a plan entails an enormous amount of 
work since every building connected to the sewer system must be 
inspected for the number and type of fixtures. 

By far the commonest method of determining the charge for sewer 
rental is to base it on the quantity of metered water on the assumption 
that the quantity of water used on a premises is proportional to the 


ni TABLE II 
Schedule of sewer rental charges based on etry 
Dwellings: 
Bath Tubs or Shower Baths, each............ habeas .. 0.50 per annum 
Rooming Houses and Hotels—15 Rooms and under: 
Water Closets, $6.00 per annum 
Sinks, each. . PAGE. AUS, .. 2.00 per annum 
Bathtubs or Shower Batha, cath 1.00 per annum 
Rooming Houses and Hotels—over 15 rooms: 
Water Closets, $8.00 per annum 
Bathtubs or Shower Baths, each....................... 1.00 per annum 
Wash Bowls, each...... 1.00 per annum 
Stores, Restaurants, Offices, Barber Shops and Mercantile 
Establishments: 
Water Closets, each........ Aria $5.00 per annum 
Bathtubs and Shower Baths, each...................... 1.00 per annum 
For each additional chair................6.....0.00055 0.50 per annum 


quantity of sewage produced. This is, in general, true, but there are 
several conditions, principally in industrial establishments, which 
may invalidate this assumption and which, consequently, must be 
given careful consideration. 

One of these is metered water which does not and cannot enter the 
sewer system. For example: An industry with a large steam power 
plant may run the engines non-condensing and thus discharge large 
quantities of water into air as steam ora may send 
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quantities of water out of the city in the tenders of its locomotives; 
or a large part of the water used in an industry may be meee : 
in the finished product which it manufactures. In each of these cases, . 
and many similar ones not mentioned, to base the sewer rental chard a 
on the total water consumption would be obviously inequitable. 
x 2 Consequently provision must be made for exempting such water from : E 

payment. This is most easily done by having the premises inspected _ 
under the direction of the officer charged with the administration of _ 
a the sewer rental fund and by having the percentage of metered water 
entering the sewers determined as precisely as possible. The per- 
centage so determined shall then be applied to each subsequent meter 

reading to determine the quantity of water upon which the sewer — 
rental charge is based. 
The sewer rental ordinance, as passed by the municipality, should : 
_ be very explicit in describing this procedure in order that all will be 
treated alike. It should also provide that, if the customer is dis- __ 
satisfied with the percentage so determined, he may, at his own ex- 
pense, install additional deducting meters or revise his piping so 
that the meters will measure the quantity of water which does enter 
the sewers. Consideration must also be given to charitable institu- 
tions and similar services which obtain their water from the munici- _ 
pality without charge. This is a matter of policy but this policy 
should be clearly stated in the ordinance. Although figures are not 
yet complete, it is estimated that approximately 25 per cent of the — 
metered water in Columbus, Ohio, will be exempt from the sewer 
rental charge. 

The question of private water supplies must also be answered. 
Here, the simplest solution is to require the installation of approved _ 
meters on all private water supplies, these meters to be read by the 
meter readers along with the meters on the municipal supply. The 
sewer rental charge is then based on the total quantity of water, both 
private and municipal, with deductions for water which cannot enter 
the sewers as described above. With the advent of air-conditioning 
and the consequent use of ground water for cooling, this is a very 
effective method of keeping large quantities of unpolluted water 
from entering and overloading the sewers. It is usually far cheaper 
to drill a return well and return the unpolluted water to the ground 
or to build a private sewer to a nearby water course than it is to pay 
a sewer rental charge on such a large quantity of water. 

In aad cases a municipality extends sewerage service to —- 
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cities, villages, and county territory. If the sewer rental charge ig 
to provide revenue for operation and maintenance only, it would be 
inequitable to use the same rates for the sewered areas outside of the 
limits of the municipality because they contribute nothing through 
taxation toward the fixed charges on the sewerage works. Conge- 
quently, the rates for sewered areas outside the city limits should be 
increased so that they contribute their share toward the payment of 
fixed charges. This is readily done by increasing the rates for these 
areas by an appropriate percentage. 

In computing the rates for a sewer rental charge based on water 
consumption, it will simplify computations if the same breaks in 
quantity are used for both water and sewer rental and, where possible, 
if the sewer rental rate is a constant percentage of the water rate. 
Table III illustrates such a rate. 

the tad) wi lnoash «i 

Schedule of sewer rental charges based on water consumption 


CHARGE PER 

1000 cu. rr. 
First 25,000 cu.ft. per month. $0.415 
Next 175,000 cu ft. per month. 0.40 
Next 1,000,000 cu.ft. per month..........................-.- 0.345 
All above 2,000,000 cu.ft. per month........................ 0.205 


Mention has already been made of the fact that the strength of 
the sewage as well as the quantity should be considered in establishing 
sewer rental rates. To illustrate this I need mention only one city 
of 50,000 population where the oxygen demand of the wastes from 
one industry was equal to the oxygen demand of normal sewage from 
300,000 people. It can be seen that the cost of construction and 
operation of a sewage treatment works to treat the city sewage with 
these industrial wastes included would place a very heavy burden 
on the municipality unless steps were taken to make the industry 
bear its proportional share of the costs. This is an extreme case but 
it serves to illustrate the point. In some.cities this condition is met 
by setting up a series of rate schedules, the charge per unit of quantity 
varying with the oxygen demand of the waste discharged. In many 
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cities this condition is so infrequent that it can be covered by special 
agreements with the few industries involved, or the industry may 
change its method of operation in such a manner as to decrease the 
strength of its wastes to that of normal sewage. An example of a 
rate which takes into account the strength of the sewage is given 


in Table IV. 


Schedule of sewer rental charges based on water consumption and strength 


of sewage 
wit CHARGE PER 1000 cu. FT. FOR SEWAGE WITH AN 

OXYGEN DEMAND 

MONTHLY CONSUMPTION 200 300 400 

ov Vader p.p.m to | p.p.m. to| p.p.m. to| Over 500 
= 300 400 500 p.p.m. 
| ppm. | p.p.m. | p.p.m. 

Next 30,000 cu.ft.....5.......... 0.225 0.300 0.375 0.450 0.525 
Next 300,000 cu.ft...) 0.180 0.240 0.300 0.360 0.420 
Over 333,300 0.135 0.180 0.225 0.270 0.315 


Discussion by W. W. Morenouss.* Dayton, Ohio, with the 
sanitary districts adjacent to the corporation, forms a territory of 
approximately 250,000 people. The territory has a separate system 
of sewers, and, before the treatment plant was built, the sewage, 
sanitary as well as storm, was discharged into the Miami River, and 
nature was allowed to take its course. Relatively small amounts 
of operating funds were required and these were taken from general 
tax funds. 

The contract for the sewage plant was let in October, 1927. The 
inability to get additional tax funds for operation led us to take 
advantage of the Sewer Rental Law. The ordinance permitting 
sewer rental was passed, and it took effect January, 1928. 

The Division of Water (until this time part of the Service Depart- 
ment) was expanded into a Department of Water which included all 
the bureaus of the water works, the sewer maintenance division, a 
new division of sewage treatment, and the bureau of sewage pumping. 
The design of sewers was left in the Service Department under the 


of Water Department, Dayton, rab qu 
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City Engineer. The machinery for billing and collecting was 4l- 
ready set up in the water works and only required expanding to 
serve both utilities. 

The rate set up in the ordinance was designed to produce revenue 
to operate the sewage plant, pumping stations, and sewer main- 
tenance division, to meet a proportionate cost of billing and collect- 
ing, and to retire a part of the bonds issued for construction. The 
minimum was fixed at $4.00 per year for 3,000 cu. ft. per quarter or 
12,000 cu. ft. per year. The 3,000 cu. ft. minimum was set to elim- 
inate requests for reductions in bills on account of sprinkling during 
summer months and to compensate for rain water from private 
systems discharged into sewers. The rate was as follows: 


~~ 


2000) cucht. .. 2155 .25 per 1,000 cu.ft, 


The rate originally paralleled the water rate steps, but the water rate 
has since been changed. We hope to get the two rates parallel 
again because of the decided advantage in billing. 

The expansion of the billing department was composed of the 
installation of a mechanical billing equipment, which had long been 
desired but which we could never before seem to justify, and the 
addition of one clerk. 

Sewage quantities to which the previously mentioned rates apply 
are based primarily on water registered by the water works meters. 
But it is manifestly unfair to charge for water which does not reach 
the sanitary sewer. It is just as unfair for the city not to receive 
revenue from water going to the sanitary sewer from a private supply. 
Each plant or building pumping its own supply, as well as those in 
which the entire city supply did not go to the sewers, was made the 
subject of a survey. The proportions or amounts of water going to 
the sanitary sewers were determined. Uncontaminated water, 
such as cooling water from air compressors or air-conditioning equip- 
ment, was allowed to go to the storm sewer, and no charge was made. 
This, I think, is a mistake as some charge should be made to build 
up funds for replacement of these sewers. 
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City Water Works. Cedar Rapids, Toma 


umped is, 


25 Water 


During 1937 the rainfall was 12 in, above normal, This explains the 
discrepancy between water and sewer quantities for that year. 

The rates have produced sufficient revenue for the operation of all 
parts of the sewage system and have reimbursed the water works for 
approximately one-third of the total billing and collecting expense and 
overhead. During 1936-37 the Sewer Rental Fund supplied, in 
addition to operating funds, about $125,000 for construction of final 
treatment facilities. This money, with $200,000 from mortgage 
revenue bonds, furnished the city’s portion of a $1,250,000 project 
for completing the sewage treatment plant. 


Discussion by C. C. WitBuR.* The law which sets up the Min- 
neapolis-Saint Paul Sanitary District also states that the Board of 
Trustees of the District shall adopt a resolution providing for sewage 
rental, and if either city shall adopt sewage rental, the duty of 
collection is placed upon the water department. The law also states 
that this rental shall be collected in connection with, and in addition 
to, the charge for water service, and no part of the charge for water 
service shall be accepted without including therewith the sewer rental 
charge. The cities may choose to amortize the construction cost as 


* Chief Engineer, Minneapolis-Saint Paul Sanitary District, Saint Paul, 
Minnesota. 

Editor’s Note: On June 6, 1938, the City Council of Cleveland passed an 
ordinance establishing combined water and sewerage billing. Ordinance 
558-A-38 relates to charges within the corporate limits of the city and estab- 
lishes a charge of 40 per cent of the amount of the gross charge for water 
service. A 3 per cent discount is allowed for payment within 15 days. The 
charges are billed quarterly. Exception is made of the amount of water con- 
sumed in a process such as steam making. Pro rata charges are set up for 
water produced on the premises such as from private wells. 

Ordinance 559-38 sets up a charge against municipalities adjacent to Cleve- 
land who empty their sewage into the Cleveland collection system. This 
charge is set at 75 cents per 1000 cu.ft. of water furnished the municipality 
by Cleveland. A 3 per cent discount is also allowed for prompt payment. ma 


7,462 m.g. 
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|. Quantities of sewage treated as compared with water p = 
in million gallons, as follows: 
1937 530 8,727 
| 
= 


well as the operation and maintenance cost by sewage rental if they 
so elect. 

Both cities requested the District to study other rental laws and 
make recommendations to them in regard to their own cases. This 
study started early in 1937, and, after several reports and many con- 
ferences, Minneapolis followed, in general, the recommendation of 
the District engineers. The recommendation was to place the 
amortization of bonds used for construction costs on the general tax 
levy, and to place the operation and maintenance charges on a rental 
basis. St. Paul officials were unable to determine what procedure 
to adopt, and the Board of Trustees of the District was obliged to 
certify to the County Auditor the funds estimated to be necessary 
for operation and maintenance for the last eight months of 1938. 

Both cities have a large amount of tax-free property. Placing 
a sewage rental charge against such properties will result in securing 
some revenue from them. So far no other means has been found to 
charge any cost of the project or its operation against these properties. 

The problem of determining the percentage of the individual water 
bill required to meet the total cost is a rather complicated one in any 
city, and particularly so in Minneapolis and St. Paul due to the 
unusual number of private supplies. 

The ordinary domestic consumer is taken care of by placing the 
percentage charge against his water bill at each quarterly billing. 
The charge is based on his consumption during the winter months 
reading (between October 15 and April 15) when all of the water 
consumed is returned to the sewer. Commercial consumers must be 
considered more as individual cases with allowances made for water 
not returned to city sewers. Bills to consumers of the city supply do 
not carry any penalty for failure to pay the bill within the specified 
time. The water bill rendered at the same time carries a penalty. 
Bills for sewage rentals to consumers having private supplies carry 
a 15 per cent penalty. 

The investigation of private supplies by the District disclosed a 
total in the two cities of 376. These are nearly all artesian wells, and 
it is estimated from the available data that they contribute a total of 
about 39 per cent of the water consumed. The oldest artesian well 
on record was 55 years old. Thirty per cent of the total number were 
drilled in 1935-36-37 and 50 per cent in the past 8 years. This 
recent increase is due almost entirely to the use of artesian water for 
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air-conditioning. ‘This use indicates that for about 100 days in the 
summer season about 13 million gallons daily is required. There 
are almost no storm sewers in the District, so nearly the total private 
supply of 46 m.g.d. reaches the treatment plant. The District 
passed an ordinance compelling the registration of all wells with the 
respective water departments of the two cities, and providing, upon 
request of the water department, that the owner of the well install an 
approved water meter. This is being done in Minneapolis. It will 
give the department a reading upon which to establish the sewage 


rental charge. 


Discussion by H. F. Bhomquist.* No comments on the merits or 
objections to the principal of financing the construction and opera- 
tion of sewage services by the sewage rental or service charge method 
are included in this discussion. I agree with Mr. Allton, the author 
of the paper on this question. It is assumed that the service charge 
method is recognized as a sound and practical principle because it 
lately has been widely adopted both for financing and operating 
sewage treatment works. My comments will be largely confined to 
the theory of rates for this new service and to the procedure or 
technique of collecting such rentals jointly with city water service 
where the municipality owns and operates both services. There are 
several reasons for billing and collecting for these two services 
jointly. 

The cost of billing and collecting for any commodity that involves 
a large number of small accounts is a relatively high percentage of the 
amount billed and collected. This is the case with sewage service or 
rental bills. Therefore, if billed and collected separately, the charges 
would have to include a comparatively large percentage for billing 
and collection costs. 

To make equitable division of sewage service charges among the 
many contributors of sewage, some unit of measure must be adopted. 
Since most of the water used by the average consumer is wasted into 
the sewers, the consumption of water may be taken as the unit of 
measure that comes nearest to being a fair and practical one on which 
to base sewage rentals. However, after adopting water consumption 
as the measure for making these charges, the matter of building a rate 
schedule reasonably equitable to all classes of consumers is an impor- 
tant factor in the procedure of billing and collecting. In most 
municipalities the water rates are based on the principle that larger 


* Superintendent, City Water Works, Cedar Rapids, Iowa. 
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Pe consumers are entitled to lower unit rates. Some industries come 
BR within the classification of wholesale consumers and may be entitled 
to wholesale rates. Incorporating this principle into a rate schedule 
results in a sliding scale of rates with as many steps as may be neces. 
sary for making equitable charges to the various classes of water 
users. There may be differences of opinion as to whether sewage 
service rates should be based on the same principle of a sliding scale, 

The ease or difficulty with which combined billing of water and 
sewage service may be effected depends on the type of schedule 
adopted. If the rate schedules for both of these services are built up 
according to the same principle, although the costs may be different, 
the one having the lower costs, usually the sewage service, may be 
taken as a percentage of the other for all classes of accounts. The 
billing and collection of both may be made in one combined amount 


» with very little more labor or other expense than would be entailed 
ie in billing water service alone. A statement printed on the bill form 
ee can adequately advise the consumer that the bill covers both water 
Je and sewage service which are combined into one amount. The state- 
of 4 ment should explain what percentage of the bill is for water service 

what percentage is for sewage service. The same statement will 


apply to all bills. 

Such a system of combined billing and collecting was adopted in 
Cedar Rapids, Iowa. It has been used successfully since sewage 
disposal service charges became effective on April 1, 1935. A sewage 
disposal service rate of 25 per cent of the water bills with a minimum 
of 24¢ per 100 cu. ft. was adopted for all consumers whose fixtures 
drain into sanitary sewers. This rate covers the amortization of all 
bonds issued for construction, interest, and operating costs. The 
construction was a P.W.A. project. 

Since in Cedar Rapids a continuous billing system is used, under 
which the meters in one district or route are read and billed one day, 
those in another district are read and billed the next, and so on, there 
was extra work involved in the first round of billing after the adoption 
of the combined billing system. This was because the two services 
did not cover the same length of billing period, and sewage disposal 
service, therefore, had to be calculated for a fractional period. This 
extra detail was necessary only in the first round of billing. After 
that the billing periods became synchronized and both services, plus 
2 per cent state sales tax on water service which is applied in Iowa, 
were billed in one combined amount. A billing machine is used. 
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The operators use tables on which the three charged items are com- 
bined into one sum for each step in water consumption. Meters are 
read to the nearest 100 cu. ft. 

Asmall number of our water consumers use and dispose of the city 
water in special ways. Their bills, therefore, must have the water and 
sewage disposal service calculated separately. These include those 
who use water for large steam boilers, cooling air-conditioning equip- 
ment, and similar services which waste into storm sewers on which 
there is no disposal service charge There are also a few other special 
cases, a total of which represents less than 5 per cent of all water 
service accounts. Among these, only about 1 per cent have to be 
calculated separately because of diversion of a part of the water to the 
sewer. 

It may be stated that in Cedar Rapids there is no connection in the 
management of the Water Department and the Sewer Department 
other than that both are municipally owned and operated. The 
Sewer Department is operated by the Department of Public Works, 
and the Water Department by a Superintendent responsible to the 
City Council asa whole. Also, any statements in the discussion that 
seems to favor participation of the Water Works Department in the 
affairs of the Sewer Department are prompted by a conviction that 
all municipal departments should coéperate to the fullest extent in all 
matters in which economy or better service can be effected by inter- 
changes or consolidation of work. In our case, the benefits from the 
joint billing and collection accrue entirely to the Sewer Department, 
which in turn passes the savings on to those who pay the sewage 
service charges. 

A nominal monthly payment or allotment of the sewage service 
collections is given to the Water Department to pay for the extra 
cost in billing, but the amount barely covers the extra work involved 
in calculating and billing the irregular accounts. By irregular 
accounts is meant those already referred to as requiring special 
calculation. 

Where there are special conditions that affect the charges for the 
sewage disposal service, the Sewer Department makes the investiga- 
tion and determines the special rate, or procedure, and gives the in- 
struction to the Water Department. In many instances, where a 
part of the water was used for purposes that do not involve sewage 
rentals, temporary meters were installed for one year to measure the 
diversion, and from the data obtained, — flat rates v were baci 
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_ There may be differences of opinion of the fairness of establishing 
-a@ sewage service rate on the sliding scale basis, whereby large cop. 
tributors get much lower unit rates for their sewage disposal service, 
when this is done in order to make possible the use of a constant 
percentage of the water bills as a sewage rental rate. It is admitted 
that there may be just cause for disagreement on this point. How- 
ever, if one takes into consideration the extremely variable factors 
involved in dividing the cost of many other coéperative enterprises or 
services, most of which are under public authority and control, we 
believe that sewage service charges as a percentage of water rates 
result in as fair and equitable division of costs as for any other similar 
services. An example of the complexity of factors involved in 
establishing charges for public or quasi-public services is the way in 
which the funds are raised for public schools, for maintaining fire 
and police protection, and for many other similar enterprises, In 
these enterprises, 90 or 95 per cent of the operating costs are raised 
by taxation assessed against the real property in the community. 
Thus the direct benefits received by the various participants are a 
very small factor in the distribution of the cost of the services. 

In dealing with charges for the many community services, which 
are being added year after year as we undertake to provide public 
recreation, health programs of various kinds, and a variety of other 
services which come into existence from time to time, we find our- 
selves resorting to ways of raising funds that do not follow the prin- 
ciple of charging those who use them or get the direct benefit. There- 
fore, those who work out sewage rental or rate schedules need not feel 
guilty of any public offense if the rates are not based on a 100 per cent 
scientific distribution among the contributors of sewage. 

The experience at Cedar Rapids indicates that sewage rentals or 
charges based on a percentage of the water rates may be billed and 
collected with city water service with a comparatively small amount 
of additional work and cost above that required for billing water 
service alone. Also, the consumers soon become adjusted to the 
procedure and accept sewage rentals as a fair means of financing 
sewage treatment works and their operation. However, from the 
standpoint of water works interests, the benefits accrue entirely to 
the sewer department, and some extra work for the water depart- 
ment is involved in billing and explaining the combined service to 
consumers. 
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BY MEANS OF ACTIVATED CARBONS 


lo 
By Matuew M. BraipecH 


ai 
The term “activated carbon” does not lee to a single simp e 


substance, as the name might imply, but refers to an entire class of 
commercial products closely resembling charcoal in general appear- 
ance. 

Activated carbons may be divided into three groups, functioning 
more or less distinctively, namely: 


of 1. Gas Adsorbents—first used in gas masks duringthe World __ 
War (where it won its name—activated carbon) asa pro- 
tective means against toxic gases, and now used commer- 
cially as an absorbing medium to collect, recover, and 
purify various types of fumes, hydrocarbon vapors, gases 
and volatile solvents. This material is usually prepared 
from hard artificial chars that give it a dense and some- _ 
what solid character (Cocoanut shell). It is used prin; 
cipally in the granular form. at 
. Decolorizing and Deodorizing Carbons—most effective for 
decolorizing and clarifying solutions of dyes, oils, vege- 
table extracts, sirups, and acids; and as a purifying 
medium in the removal of odors existing as impuritiesin 
edible oils and liquids. This group being typical of the 
materials employed in the removal of objectionable tastes __ 
and odors from public water supplies. Thisclassisalso 
finding recent. application as reaction catalysts. These 
materials are usually prepared from the softer type of  __ 
__ artificial chars and are more widely used as finely divided __ 
powders. 
8. Metal Adsorbents—used in reclaiming gold, silver, iodine, 


A paper by Mathew M. Braidech, Assistant Professor of Chemical Engi- 
neering, Case School of Applied Science, Cleveland, Ohio; read before the 
seventeenth Ohio Conference on Water Purification, October, 1937; and pub- 
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ete., from solutions. These are of soft artificial grade and 
of an alkaline nature, though closely related in physical 

& properties to the decolorizing chars. 
_ It is now well recognized that the gas-adsorbing carbons do not 
serve as good decolorizers, and it is the exception for the decolorizing 
types of carbon to be effective as a gas-adsorbing medium. It seems, 
for the present, impossible to develop these two general properties in 
the same carbon, since it appears that the respective properties of 
the two classes depend largely upon the structural dimensions of the 
pores contained in the cell walls of the carbon and not simply on the 
different forms of the material. The functions of these two carbon 
groups can therefore be said to be quite distinct and non-competitive 
in their respective fields. 

Activated carbons are made from a wide variety of raw materials, 
some that are already in a carbonaceous or semi-carbonaceous state, 
such as wood charcoal (made from pine, birch and other woods of 
similar grade), lignite, peat, also from anthracite coal or other carbon 
dust mixed with pitch, briquetted, baked and activated; and various 
vegetable materials that can be brought into a carbonaceous state 
by dry distillation, such as sawdust, corn-cobs, rice-hulls, cane 
bagasse and stalks, wood pulp, regular extracts and lignin-bearing 
waste by-products in paper manufacture. Of the carbons familiar 
to the water works consumers, Norit is produced from coniferous 
woods and peat; Cliffchar from hardwood (birch) charcoal; Darco 
from lignite; Magnechar from wood charcoal; Klearit from creosote 
coke; and Nuchar from wood pulp residues. 

Many, if not all, processes for the manufacture of activated carbon 
are patented, and generally involve one or more heat treatments 
under controlled conditions in the presence of some activating en- 
vironment. The first step in the production of either the color ad- 
sorbent or gas type of material is to produce a primary carbon by 
carbonizing and lending porosity to the raw material by slow and 
gradual evolution of the initial volatile matter at a relatively high 
enough temperature (400°-500°C.) to remove the volatile constitu- 
ents without their ‘‘cracking.” In order to “clean” the partially 
masked surface of the resulting carbon base from the residual coating 
of hydrocarbon complexes, which adhere with great tenacity on the 
carbon framework, continued heating under selectively mild oxida- 
tion conditions (using steam, carbon dioxide, chlorine, and similar 
gases), at a somewhat higher temperature (800°-900°C.) is necessary. 
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This final action, known as “activation,” also results in the formation 
of a multitude of pores, capillaries, cracks and fissures, in the cell 
walls, providing an enormous complexity of surface—which is 
generally considered coincidental with the active efficiency of the 


—Structure of Primary Charcoal 
from Coconut Shell (X< 200) 

Charcoal formed at 800° C. carbonization. Thin 
section by transmitted light 


(Courtesy U. Bureau of Mines) 
—Section of Coconut Shell (xX 200) 


Thin section by transmitted light. 


(Courtesy U. S. Bureau of Mines) 


—Steam-Activated Coconut Char- 
coal (X 1000) 


(Courtesy U. S. Bureau of Mines) 
—Steam-Activated Coconut-Shell 
Charcoal (xX 200) 


The primary charcoal is regarded by some investigators as a highly 
complex polymer of cellulosic molecular fragments, who further 
believe that the action of heat and activating agents is such as to 
attack these huge molecules at their most unsaturated points, thus 
eliminating some carbon and most of the hydrogen from this primary 
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base. The result being a huge molecular group of atoms, more or 
less loosely held together, shot through and through with holes of 
atomic dimensions, producing a field of attraction tension. The 
definite presence of this activation has been evidenced by certain 
investigators by means of X-ray diffraction patterns. 

This product, now known as activated carbon, is currently de- 


POWDERED ACTIVATED CARBON 


Particle Counts 256 9 billion/gme 
Phenol Values 19 


Circles lein. Diam, 


scribed as a form of carbon possessing certain adsorptive properties— 
having the power to attract and retain to itself various foreign mole- 
cules and impurities from any liquid or gas with which it is brought in 
contact. 


NATURE OF ADSORPTION 


Though adsorption is an ever-prevalent and common phenomenon 
of almost universal occurrence, being manifest at almost every sur- 
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face of separation—to say the least, it is a very complicated process 
and one that is not well understood even by those most directly 
concerned. 

To begin with, the word “‘adsorption” must be differentiated from 
the more general term “‘absorption’’—which refers mainly to a simple 
wetting and penetrative action of a sponge-like behaviour, somewhat 
analogous to the capillary action of ordinary blotting paper. True 
adsorption, however, concerns itself with the concentrated formation 
and adhesion of molecules of gases or dissolved substances at the 
adjacent boundary surfaces of separation of two different phasés of 
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mattes— 1.€., solid- -gaseous, solid-liquid, and Rauid- 
liquid (immiscible)—at relatively high concentrations. Adsorption 
is therefore a process intimately connected with surfaces. 

The accompanying diagram (figure 1) illustrates the concept of 
adsorption. Note the density variation existing in the immediate 
vicinity of the interface and the alteration of the concentration in the 
body of the opposite phase where adsorption occurs. 

It is to be noted that where the extent of surface is limited, as with 
liquids and crystalline solids, the effect of adsorption is not of suffi- 
cient consequence to be indicated and is usually not of prime im- 
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portance. However, in the case of activated carbons, where, gs 
already somewhat described, the surficial area—due to the tunnelling 
and fissuring action of the activation treatment—is quite extensive, 
and this adsorptive action is quite pronounced. 

The extent of the normal surface exposed in the case of powdered 
activated carbons is of particular interest. In the grades utilized for 
corrective treatment of water supplies, the extent of this surface is 
known to be immense, since their state of subdivision is reported to 
range from 10 billion to upwards of 100 billion particles per gram, 
It is argued that in addition to providing an extensive surface, this 
fine state of subdivision affords extreme dispersion of a character 
that under an average treatment dosage, a single drop of water may 
contain several thousands of particles. In this connection, it is 
further argued that such a state is conducive to furthering the proxim- 


Influence of subdivision on degree of fineness and surface area 
(Increase in surface of a cube when decimally divided) 


Length of cube edge & Number of cubes Total surface area 
1.0 cm. 0.394 in. a = BP x 1 6 sq. cm. 0.93 sq, in. 
1.0 mm. 0.039 in. : me 1,000 (10°) 60 sq. cm. 9.3 sq. in. 
0.1 mm. 0.0039 in. 1,000,000 (10°)  600sq.cm. 93.0 sq. in. 


0.01 mm. 0.0004 in. 1,000,000,000 (10°) 6000sq.cm. 6.46sq, ft. 


(Powdered carbon range) 
1 micron 0.001 mm. 1,000, 000,000,000 (1012) 6 sq. m. 64.5 sq. ft. 
_ 0.1 micron 0.0001 mm. 1,000, 000, 000, 000, 000 (105) 60 sq. m. 645.8 sq ft. 
0.01 micron 0.00001 mm. 1,000, 000,000, 000,000,000 (101%) 600sq.m. 6458.6 sq. ft. 
1 millimicron 0.001 micron 1,000,000,000, 000,000,000, 000 (102!) 6000 sq. m 1.5 acres 


ity of the carbon particles to taste- and odor-producing bodies and 
enhancing their “chance contact” and the effectiveness of the carbon 
—provided, of course, that it is accompanied by a required degree of 
activation. 

The enormity of the adsorbing surfaces in such dispersed systems is 
not generally appreciated, nor how greatly these grow with increase 
in the division of the particles. To illustrate the matter, the surface 
increase of one cubic centimeter when undergoing progressive decimal 
subdivision is shown in the above tabulation. 

The extent of the external and internal surficial area of activated 
carbons, in particular, is made more readily apparent when it is 
recalled that the activation treatment brings about a structure of 
irregular lattice-like mesh-work of micro-pores and fibers, producing 4 
skeletal framework somewhat akin to a “solid foam,” as suggested 
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pictorially in figure 2. To further expand on this thought, it may be 
stated that a cubic inch of activated carbon has been estimated to 
have composite surface of over 20,000 square yards. A microscopic 
examination of such carbon surfaces would support the foregoing 
fact by revealing numerous peaks and valleys. There is every reason 
to believe that the submicroscopic structure of carbon is even more 
irregular and complex, suggesting the existence of myriads of struc- 
tural capillary cavities and pits, affording a heterogeneity of surface 
properties varying from atom to atom on the surface, edges, peaks, 
and especially around the more active centers, the corner atoms. . 
The exact mechanics of adsorption have never been completely 
and satisfactorily explained. Adsorption may take place by many 
different types of mechanism, no one theory being capable of explain- 
ing all the different manifestations of the phenomenon. To quote 


INTERIOR BODY OF CARBON 


Fic. 2. A PicrorIAL REPRESENTATION OF STRUCTURE OF AN ACTIVATED 
Carson SuRFACE—TWO0-DIMENSIONAL PLANE—VERTICAL SECTION 


the words of a noted writer on colloidal chemistry—‘‘Much as I dis- 
like to use the word in a scientific subject, adsorption can often be 
best described as temperamental.” 

Just what takes place on the surface of the adsorbing carbons is a 
matter of considerable conjecture and debate. The most strongly 
maintained opinion of present-day authorities is that this surface 
affinity is physical in nature and due principally to residual valencies 
of the carbon atoms located at the exposed surface, projecting actively 
from this surface, and, in “tenacle-like’’ fashion, linking and ‘‘en- 
tangling’”’ the molecular bodies that happen to be within their sphere 
of influence. The more or less tenacious adhesion-tension that exists 
is said to be relatively powerful, and though physical in effect, it 
resembles, to a degree, a “fixation” analogous to a loose chemical 
union. In some cases this initial physical fixation may lead to the 
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formation of a surface compound, in which case it is known as chemi- 
sorption. Chemisorption is an irreversible process, while true 
physical adsorption is reversible. 

To account for the cohesional effect of the free surface forces, it 
should be explained that in the interior of a liquid or solid, each 
molecule or ion is, on the average, symmetrically surrounded by other 
molecules, and there is no residual attraction in any particular 


‘ieee POWDERED ACTIVATED CARBON 


x 
Particle Count: 36.5 billion/gm. 
Phenol Values 35 


direction. If the surface layer only is considered, different conditions 
are found to exist ; each surface molecule or ion is attracted inwards to 
each side by its neighbors, but there is no compensating outward 
force to balance the inward pull, and so every surface possesses & 
strong inward attraction perpendicular to the surface. In solid 
materials the rigidity of the surface atoms gives rise to the projecting 
free valencies. 

It has been implied by one school of thought that the effective 
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range of these surface forces is very small—at most, it is in the order 
of magnitude of a molecular diameter (10-* cm.)—and that the 
resultant effect is the formation of a monomolecular surface film, only 
one molecule deep. This concept of the unimolecular layer is funda- 
mental in all adsorption studies. However, other observers’ opinions 
lead to the belief that this bonding effect is of an electrostatic nature, 
conducive to a multi-layer effect of gradual and progressive transi- 


ED CARBON 


POWDERED ACTIVAT 


x 

Particle Counts 12.4 billion/ems) 
Phenol Values 500 - 1 hr. 
Notes Phenol Value 75 - 24 hrs, 


M.MeB 
Circles leine Diam, 4-19-35 


tion from the condition of the body of the liquid to the condition of 
the surface; so that regions, where the peculiar surface condition 
exists, extend to a depth several times the diameter of a molecule 
(somewhat analogous to the varying frictional resistance encountered 


in the flow of water in a water pipe, so familiar to most of us). 
As can be appreciated from the foregoing, this field of speculation 
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-quaintance with the thermodynamic interpretations of surface. 
energy relations and molecular kinetics propounded by such savants 
as Gibbs and Langmuir. Therefore, an attempt at a more definite 

conception might lead us further than we may be prepared to venture 

in comfort. The somewhat popular presentation should suffice and 
satisfy the inquiring mind of an average water-works user of activated 

-earbons, and allow him to make the net deduction that activated 

carbon is not a single simple substance such as aluminum sulphate, 
but that it refers to a group of compounds of different structures. He 
can picture that in activated carbons the atoms are arranged in 
different structures just as they are in the compounds of carbon found 

_ in organic chemistry, and that this variation in structure accounts, 

o a degree, for the selective and specific attraction for certain 
rganic and inorganic bodies, as will be subsequently discussed. 

Before leaving this phase of the subject, it would not be amiss to 

list, for attention, the following extended generalizations pertaining 
to adsorption: 

1. Adsorption is directly proportional to the so-called “specific 
surface’’—this latter term being defined as the ratio of the total 
surface of the adsorbent to its volume. It is impossible to 
determine this specific surface directly, and it may be assumed 
that different carbons which produce the same amount of ad- 
sorption may possess equal specific surfaces, all other things 
being equal. 

. It is not the most porous carbon, in the ordinary sense, that 
affords the greatest degree of adsorption. The shape of the 
pores and the quality of the surface are two very important 
factors. A plane surface will adsorb a certain amount of 
material under given conditions; but two plane surfaces placed 
close together will apparently adsorb a good deal more of the 
same substance by joining and reénforcing their forces, and 
extending their sphere of influence. 

. The variety of adsorption phenomena indicates that their nature 
is by no means uniform. The nature of materials used for car- 
bons, as well as their mode of preparation, determines the 
character of adsorption. The order of efficiency of adsorption 
is most dependent on the nature of the liquid from which the 
material is adsorbed, as well as upon the nature of the adsorbed 
material. It is known that adsorption is greatly increased b 
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using solvents in which the solute (dissolved substance) is 
sparingly soluble and by using solvents which are but very 
slightly adsorbed. There is no adequate explanation for this 


selective action of different carbons for different materials. 
4, Adsorption from solutions is largely dependent upon the surface 


tension of the solvent. In solutions of the same substance in 
different solvents, the greatest adsorption occurs in that solu- 
tion whose solvent possesses the highest surface tension. 


5. The amount of substance adsorbed varies with the concentra- 


tion of that substance in solution. In very dilute solutions; the 
amount of substance adsorbed is relatively greater and somewhat 
more complete than from more concentrated solutions. (The 
per cent of the total removed from dilute solutions is greater 
from concentrated solutions while the actual quantity is less.) 
In other words, it may be said with caution, that adsorption 
increases in efficiency with dilution, as far as percentage removal 
is concerned. This is a highly debatable fact, and with a differ- 
ent line of reasoning, it may be open to challenge. On further 
reasoning with the preceding surface tension considerations, the 
quantity of the compound adsorbed increases in proportion 


increasing concentration. This means that substances which 
lower the surface tension of water most rapidly as the concen- 
tration increases will be adsorbed to the greatest extent. This 
is, of course, true so long as the liquid-air surface is being dealt 
with, but when one is dealing with the presence of a solid body, 
the interfacial tension, or so-called adhesion tension, it may be, 


_ and frequently is, a much larger factor. (It so happens that 
- many taste and odor bodies lower the surface tension of water, 


and when carbon is introduced, these taste-bearing bodies move 
to the interfacial surface, that is, the water-carbon boundary.) 


6. Adsorption is an equilibrium phenomenon of reversible char- 


acter. A definite equilibrium is established for each given 
weight of adsorbent and a given volume of solution of known 


4 hamnentention if the concentration of the solution with which 
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be pointed out that the velocity of adsorption increases with an 
Al- 


3 
nts _ 
tite 
ure 
ind 
ted 
te, 
He 
nd 
to 
x 
0 face tensior hed b 
d 
|- 
wy 
| 
U 
11 
li hen the ads ge 
: 


. Adsorption declines with rise of temperature—this is in agree- 


. In general, it is found that the effectiveness of adsorption is 


. Adsorption takes place with a definite evolution of heat energy 
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though in higher concentrations, equilibrium is not as great as 
in the more dilute solutions, where the velocity of adsorption is 
correspondingly less, as already pointed out. (In actual prac. 
tical experience, it has been found that the velocity of adsorp. 
tion, that is the time required to reach the maximum adsorption 
equilibrium, is usually complete in 10 to 30 minutes—particu- 
larly if thorough mixing is provided.) 


ment that surface tension decreases with rise of temperature, 
This is particularly true in case of materials with a high vapor 
pressure, such as with bodies causing taste and odor, and theo- 
retically it should apply probably in every case, but in the case 
of color bodies sometimes we get, at least apparently, better 
adsorption at somewhat higher temperatures. Just why this 
is so has never been thoroughly understood, although it may be 
that in some cases, there is decreased solubility, and in other 
cases it may be due to the fact that the solvent is more strongly 
adsorbed at lower temperatures and has a high negative thermal 
coefficient of adsorption. It may also be possible that a certain 
amount of the solvent is adsorbed, so that if the solvent is less 
strongly adsorbed at higher temperatures, there may be a 
greater relative adsorption of dissolved bodies at these higher 
temperatures. Some of these bodies that are adsorbed at a 
higher temperature may be denatured just as albumin is coagu- 
lated by heat and give a condition of irreversible adsorption. 


largely dependent upon the nature of the electrical charges of 
the adsorbent and the impurities to be adsorbed, the difference 
in the electrical potential between them, as well as the H-ion 
concentration of their immediate environment. Thus, in an 
increasingly alkaline medium, the carbon adsorption of posi- 
tively charged particles is facilitated, while under acid condi- 
tions the reverse effect is obtained. This is well illustrated in 
the generalized curves of the accompanying figure 3, which 
shows the relation between acidity, neutrality, and alkalinity of 
the solution and adsorption by carbons of substances having 
various electrical properties. 


(such as frequently accompanies a chemical change), called heat 
of adsorption. This is sometimes referred to as the “heat of 
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_.. wetting,” and is found to run parallel with the adsorptive power 
_ ofcarbon. By measuring the amount of heat of adsorption, it is 
possible to obtain an indication as to the extent to which carbon 
has been activated. It may be well to bring out the fact that 
this observation has its limitations, since the development of 
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heat energy during adsorption is quite a specific item, that is 
the heat of adsorption will depend upon both the type of solid 
and the liquid. Where such observation does apply, however, it 
may be worthy of mention that when it is desirable to drive-off 
and recover the material retained by the carbon, it will be 
Recessary to heat to amount which 
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was liberated during the initial adsorption. The required 

temperature is usually well above the boiling point of the 

adsorbed matter, showing that recovery and re-activation is not 

merely a distillation process, but that additional temperature 

s is required to sever the connection made between the impurity 
and the carbon surface. 
MEASURING THE EXTENT OF ADSORPTION 
In approaching the analysis of the mode of measurement of adsorp- 
tive capacity and the subsequent evaluation of activated carbons, the 
generalizations just enumerated must continually be kept in the 
mental foreground. 

Most everyone with a fair knowledge of theoretical and physical 

chemistry is aware that the removal of dissolved bodies from solu- 

tions by means of extraction or adsorption follows a peculiar distribu- 
tion law which involves the following propositions: 

1. Increasing quantities of adsorbent (activated carbon) will, in 

: general, remove increasing quantities of the adsorbate (sub- 

> stances capable of adsorption—impurities, such as colors, tastes, 

etc.). 

2. The degree of removal in true adsorption is not in simple arith- 
metical proportion, as, for example, in the case of chemical 
neutralization of alkali with acid, where the relationship of the 
quantities involved can be established on stochiometrical basis 
at any concentration of reacting chemicals. 

3. It becomes increasingly difficult to remove the latter residual 
portions of impurities, that is, the quantity adsorbed by each 
additional unit of carbon becomes less. 

4. A state of balance or equilibrium is finally reached between the 
concentration of impurities remaining in the solution and those 
adsorbed on the surface of the carbon. 

5. For any stated adsorbent and a given adsorbate, these results 
follow a definite mathematical relationship within limits. 

A aimple derivation of the mathematical equation involved, will 

help to elucidate the correlation of the foregoing premises. The 

distribution of solute (dissolved substance) between two immiscible 
liquids follows a typical distribution law, and the extraction of oil 
from water by means of ether (a technic familiar to most chemists) 
will serve as a clear-cut illustration for the simple development of the 
above mentioned mathematics—which in the completed formula form 
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js sometimes referred to as involved and rather intricate for under- 
standing. 

The principle of extraction of a product from dilute solution in- 
volves shaking the solution with a solvent. In the above example of 
the oil-water mix and ether system—the oil is sparingly soluble in 
water and is very soluble in ether. Upon shaking the aqueous-oil 
mixture with ether, the latter takes up almost the whole of oil. 
Theoretically it cannot take it all and there will always be some 
oil retained in the water due to a partition equilibrium. However, 
with repeated extractions with small portions of ether, a progressive 
removal is obtained until the amount remaining in the water is 
negligibly small. 

If we denote the two solution phases by (A) for water and (B) for 
ether, and the solubilities of the solute (oil) in these by (S,) and 
(Ss) respectively, the solute will distribute itself between them 
(proportionally to its relative solubilities) in such a way that, at a 
given temperature, the ratio of concentrations of solute im (A) and 
(B) is a constant, and the mathematical expression may be written: 

Where (C) and (C,) are the concentrations of the solute (oil) in 
solvents (A) and (B), water and ether respectively. Where (n) isa 
constant varying with the degree of association of the solute in the 
second solvent. The constant (K) is termed the Partition Coeffi- 
cient, and sometimes the Distribution Coefficient—and without 
much error, it may be considered equal to the ratio of solubility of 
the solute in (A) and (B). The formula is an expression of the Parti- 
tion Law (while it is not capable of strict quantitative interpretation 
in all cases, it can serve as a pictorial illustration up to the desired 
point) and is a very close approximation of the more familiar Adsorp- 
tion Law. 

By appropriate substitution of values corresponding to the condi- 
tions of a carbon-water system of phases, the classical Freundlich 
Adsorption Equation is obtained. The above equation is usually 
written as C,/C"" = K, and in the re-arranged form C, = Kc" it 
becomes an exponential (really parabolic) formula—which is still 
the best summarized description of the approximate quantitative 
behavior of even extraordinary diverse instances of adsorption. To 
conform to the carbon-water and the impurities (to be adsorbed) 
system, the value (X/M) is substituted for (C;); where (X) repre 


1318 
ired APS 
ure 
nity 
: 
the 
th 
cal 
lu- : 
f 
i 
in 
es, 
‘h- ae 
ral 
he 
sis 
oh J 
he 
se 
n 


1314 avoan, MATHEW M. BRAIDECH [J. WeWea, 


sents the weight in grams of the total amount of material adsorbed 
from a definite quantity of solution, and (M) is the weight of the 
adsorbent (activated carbon) used in grams—in short, the expression 
represents the amount of material (impurity) adsorbed per unit 
weight of the adsorbent at the particular dosage. The value (C) 
becomes the equilibrium concentration or the residual concentration 
of the impurity remaining in solution (water), after the adsorption 
has been completed at the applied dosage of carbon. The equation 
then takes on the Freundlich form X/M = KC™", and the so-called 
constants (K) and (n) are values which vary with the conditions of 
the test or experiment. The value of (K) depends upon the units 
adopted for measurement of the concentration of the carbon and the 
substances to be adsorbed, the numerical exponent (n) is a function 
of the nature of the adsorbent and the adsorbed material, and also the 
temperature; and instead of being an integer, it is an irrational frae- 
tion varying with circumstances between 0.1 and 1.0 (generally 
found to lie between 0.2 and 0.5, and gradually approaches unity 
with increase in temperature). The tabulated résumé below should 
materially assist in understanding the development of the Freundlich 
equation. 

_ Derivation of Freundlich adsorption isotherm ) adoavlok 


at (se) 
_ Analogy: Ether Extraction of Aqueous-oil Mixtures. joo, 

System: Immiscible Solvents—Water and Ether, and Solute—Oil. 
Phases: Water Solution (A) and Ether Solution (B). 

- Solubilities of solute: Oil in Water (S4) or (C), and Oil in Ether (Sg) or (C1). 

At equilibrium: (S4)/(Ss) = K or, (C)/(Ci) = K (Distribution or Parti- 

tion Coeff.). (K may be considered equivalent to ratio of solute solubility 

in (A) and (B)). 


Re-written equation: 
= K(C1") Equation form of Freundlich Formula. 
Where (C;) = Concentration of solute in extraction medium. ( 


(C) = Concentration of solute in original solution. wil 108 
(n) = Constant varying with nature of system, andtemp. = 
(K) = Partition Coefficient. 
To conform to Water-Carbon and ‘Impurities’ (to be adsorbed) System 
encountered in the removal of tastes and odors from water supplies with 
powdered carbon treatment: 
(X/M) for (C;) ‘orreded 


Where M = Weight of adsorbent (activated carbon) in grams. © 
X= Weight of adsorbed material (impurities) in grams. 
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ie, using the more familiar type of graph paper, this type of plotting may 
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- (X/M) = Weight of adsorbed material removed per gram adsorbent. 


Then (C), becomes the equilibrium concentration, or residual amount of — 


impurity remaining in solution (water). ni) 
Equation becomes: ‘oi 
(X/M) = 
Constants (K) and (n) vary with conditions of test. tien 
"ee (K) depends on adopted units of measurement. j 
4 (n) funetion of nature of adsorbent and adsorbate, and indi- 
cates rate of adsorption (slope of line). 
Plotting for extrapolation: Use ‘‘double logarithmic”’ paper, with (%, /M) as 
abscissa and (C) as the ordinate. 
Note: For evaluation of carbons, substitute phenol values or threshold 


odor units for “impurities.’’ 


If the variables (X/M) and (C) are plotted on arithmetic graph 
paper, a characteristic parabolic curve is obtained. This type of 
curve will present some difficulties in its accurate determination and 
any subsequent extrapolation of values. However, if the two values 
are plotted on double-logarithmic paper, as abscissa and ordinate 
respectively, a practically rectilinear or straight-line plot is obtained, 
as shown in figure 4. With this type of a plot, it is easier to detect 
any divergence, as one can tell at a glance how nearly the equation 
is being approximated by the data. 

In referring to the above illustrated plotting, the terms (K) and 
(1/n) now pictorially present physical meanings. The valué of (n) is 
determined by the slope of the line and it is equal to (b/a), which is 
the tangent of the angle made by the straight line meeting the 
abscissa; while (K) is that value which is assumed by (X/M) at this 
point of intersection, where the concentration value (C) is equal to 1. 
The values (K) and (1/n) taken together indicate the degree of 
adsorption, for when (K) increases and the slope of the line (1/n) 
becomes smaller, the adsorption is greater. The effect of tempera- 
ture has already been pointed out, and a plot at a constant tempera- 
ture is known as an adsorption isotherm. 

In passing, it might be mentioned that a straight-line plot on ordi- 
nary co-ordinate graph paper is possible if the typical equation is 
logarized in the following manner: earbous 

would 

Log (X/M) = Log (K) + n Log (C) 
The logarithmic values of the variables (X/M) and (C) are plotted in 
the usual manner as abscissa and ordinate respectively. Other than 
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prove to be somewhat tedious for the average water works operator, 

and may prove to be a pleasant piece of mathematical exercise for an 


unoccupied afternoon (in case he has any such). 


we 
3 
= 
b 
2 
" 
Hens | 
joatd 2 3 4 5 6 7 8 9 
VALUES FOR C 
fo 
METHOD OF PLOTTING VALUES FOR FREUNDLICH ADSORPTION EQUATION 
ILLUSTRATION FOR EVALUATION OF CONSTANTS (k) AND (n) 
WHERE M = WEIGHT OF ACTIVATED CARBON, gms. 
RESIDUAL CONCENTRATION OF PHENOL 
ded dh REMAINING IN WATER, gms. Jilw 
" VALUES (K) ANO(m) TAKEN TOGETHER INDICATE DEGREE OF bi 
FE ADSORPTION, FOR WHEN(K) INCREASES AND THE SLOPE OF THE 
6 | LINE ('/n) BECOMES SMALLER THE ADSORPTION ISGREATER. => 
ss NOTE: PLOT AT A CONSTANT TEMPERATURE IS KNOWN iiqoaba 
AS AN ADSORPTION ISOTHERM. none 
“8 b 
= TANGENT OF ANGLE OF scope (°/a) 
NOTE: STEEP SLOPE INDICATES RELATIVELY POOR ADSORPTION. ANGLE 
OF INCLINATION INCREASES WITH INCREASE IN TEMPERATURE. uy 
vaLue oF (kK) =vaLue oF (x/m) , WHEN (Cc) HAS VALUE OF 1. 
wote:(x/m)= wHen(c)= 4 (x/M) Kxt 


x FIGURE 4 


_ As to the actual evaluation of powdered activated carbons for taste 
and odor control in water purification, the indirect test procedure, 
instituted by Baylis, utilizing the adsorptive power of carbons to 
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under definite conditions of mixing and time contact) asa predictable 
if 2 measure of the ability of the carbons to remove taste- and odor- 
producing impurities, is well known and its details need no elaboration 


ee at this time—except to mention the necessary modification for com- 
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the carbon dosage, in p.p.m., required to effect a 90 per cent removal 
a standard phenol of 100 p.p.b. CsHsOH concentration, 


petitive evaluations and the importance of establishing the validity 


of the phenol test with regard to each particular water supply to be 


treated. 
_ Ina comparative survey (sponsored by the A. W. W. A. Sub-Com- ie 


remove phenol under standard conditions of test (Determination of — 


mittee on Specifications and Tests for Powdered Activated Carbon — — 


in May, 1936, which involved the examination of four powdered _ 


activated carbon samples—representative of the materials in current 
use in water purification—by fifteen interested individuals (equally 
representing the committee and its referees, water works chemists 
and operators, as well as the carbon manufacturers)) it was indicated 


that of the 97 results submitted (including both Baylis-Gibbs and the © E 
modified Fox and Gauge Technic by Kershaw), 66.6 per cent of them __ 
were in the plus or minus 10 per cent range, and 45.8 per cent in the © 


plus or minus 5 per cent range. In another separate survey involving 


the four most experienced workers, using a second set of three differ- _ 


ent samples, the results indicated that 75 per cent of the tests were 
in the plus or minus 10 per cent range. With these and other facts 
at hand, the Committee leaned heavily in the direction of practicabil- 
ity and recommended a plus or minus 10 per cent tolerance in the 
phenol tests. 

Of the more serious criticisms, the most plausible of these appears 
to be that of D. Feben, Senior Sanitary Chemist, Dept. of Water 
Supply, Detroit, Mich., who argues in his paper presented at the past 
Michigan Conference on Water Purification (Evaluating Activated 
Carbons, Sept. 1936), that the present so-called phenol value, selected 
from only one point on the adsorption curve, does not indicate the 
carbon’s behavior at other concentrations. He illustrates the 
importance of this by comparing two widely different carbons whose 
phenol values were 13.0 and 23.0, indicating that it would require 
76 per cent more of the latter than the former in order to produce the 
same results. Citing a plant where the taste and odor problems have 
been acute and frequent, either carbon could be selected since the 
inter carbon is onl 5. 5 per cent less the first at the 
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higher required plant dosage of 25 p.p.m. Drawing a parallel that 
no operator would think of specifying an order of filter sand on the 
sole basis of effective size, as any number of widely different sand 
could meet the specifications, and, therefore, a uniformity coefficient 
is always included—which is a ratio between the 10 per cent or effec- 
tive size and the 60 per cent size, and definitely places two fairly 
remote points in the grading curve—he suggests determining the 
carbon dose required to adsorb 100 p.p.b. phenol (zero residual), 
designating that the phenol rating, and then determining the dose 
required to adsorb 60 p.p.b. phenol, and designating the ratio be- 
tween this latter value and the phenol rating as the “efficiency 
ratio.” 

Remembering that activated carbons are very selective in their 
action, and that many unknown factors may be involved in this 
selectivity; and as pointed out by Feben, that some carbons may be 
relatively better when used at high concentrations than in low con- 
centrations; and turning to the more practical side, that the uni- 
formity in the entire shipment, as well as the practicability of apply- 
ing carbon dosages under plant conditions just sufficient to combat 
the tastes at all times is certainly questionable, the over-stressing of 
an indirect test, from which judgment is drawn by inference, then 
remains to be weighed. 

One of the greatest dangers in giving an all-around unqualified 
indorsement to any single indirect test alone, lies in the fact that it 
may form a channel through which future progress in activated 
carbon treatment would lie. The situation could very easily lead 
to the condition where the carbon manufacturer, by making carbon 
value of 10 phenol could feel justified in charging almost twice the 
price of 20 phenol value carbon, and the consumer would be justified 
in buying on this basis, all other things being equal. The net result 
could easily lead to penalizing both the manufacturer and the con- 
sumer by making activated carbon expensive both in terms of its 
manufacture and its efficiency for the removal of tastes and odors. 

The versatile character of activated carbons is well known, and 
must be considered in its application to the treatment of water sup- 
plies. The variation of both the character and the relative intensity 
of taste and odors, along with other inherent factors of the particular 
water supply and the plant that might be encountered, brings to mind 
the old familiar adage—‘‘Every Tub On Its Own Bottom.”’ 

The fallacy of a single specific test is well exemplified by means of 
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the recent decision handed down to the National Carbon Company, 
holding invalid their basic patent claims (N. K. Chaney—1,497,543 
and 1,497,544) on the score that the chloropicrin tests employed to 
show the adsorptive ability, were too broad in the functional claims 
and only related specifically-to that particular operating capability. 
Alexander King, in his contribution on Adsorption (The Science of 
Petroleum, Vol. III, pp. 1672-1677—Oxford University Press, 1938) 
states the following: “General comparison of the properties of ad- 
sorbents is a matter of great difficulty and if possible, tests should 
always be carried out under the actual conditions under which the 
substances are to be employed. Adsorption of substances such as 
methylene blue, phenol, iodine, etc., have been proposed as general 
measures of adsorption capacity or surface area (Krezil—Unter- 
suchung und Bewertung Technischer Adsorptions Stoffe, Leipzig— 
Akademischer Verlag) but owing to the specific nature of the adsorp- 
tion process, information of this type is of little use. . . . Consequently, 
if even a superficial knowledge is required, a considerable number of 
tests haye to be carried out.”’ The recent supplement of Thorpe’s 
Dictionary of Applied Chemistry (Vol. I, A—M) very carefully and 
authoritatively states the following: ‘‘Active charcoal should be 
tested with the materials and under conditions for which it is to be 
used,” 

There is no intent, in the present paper, to disqualify the phenol 
test. The phenol test answers a definite purpose; it can eliminate 
the introduction of inferior and unsuitable grades of carbon into the 
field; and, further than that, it helps to define, to a degree, a water 
purification carbon, and thus serves as a convenient method of 
insuring delivery of consistent quality of activated carbon. 

After all is said, from a practical standpoint, the phenol test is still 
an arbitrary one and should be supplemented by the more direct 
Threshold Odor Test until sufficient information has been accumu- 
lated to enable the individual water works operator to draw the 
proper conclusions in accordance with his own local conditions. For 
it is only by gathering such direct data from actual plant practice, 
that the phenol evaluations of the activated carbon can be demon- 
strated and established on a truer plane, as appropriate predictable 
indications of the relative effectiveness of the different carbon mate- 
rials in the removal of anyone of the many compounds responsible 
for the presence of the objectionable tastes and odors. =| 
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- TAKING THE GUESSWORK OUT OF ACTIVATED 

_ The threshold odor test makes it possible to measure odor intensity 
in water before and after carbon treatment. It is timely, therefore, 
to consider how this fact may be utilized in answering the question 
which the water purification field has been asking since powdered 
activated carbon was first introduced to it: ‘(How can carbon per- 
formance be measured directly on waters having various odor in- 
tensities and characteristics?” 

_ This problem resolves itself into two components: 
1. Do the threshold odor value units lend themselves to the _ 
i necessary adsorption calculations? “a 
_ 2. Can the adsorption calculations involved be sufficiently _ 
simplified so that they can be easily used by those to _ 
whom they are unfamiliar? 

‘The purpose of this paper is to report that affirmative answers hems 
been found to both these questions, to lay before the water works 
profession the method which has been worked out, and to point out 
the developments which may follow therefrom. 

In the threshold odor test, odor intensity in water is measured in 
units of the number of volumes to which a sample of odor-bearing 
water must be diluted with odor-free water to reduce the odor to an 
intensity which is just barely perceptible to the sense of smell. For 
example, if one volume of sample must be diluted to four volumes 
(by addition of three volumes of odor-free water) the sample is said 
to have a threshold odor value of 4. If another sample must be 
diluted to eight volumes, its threshold odor value is 8. A threshold 
odor value of 8 indicates, therefore, an odor intensity twice as great 
as a threshold odor value of 4, since a dilution to twice the volume 
is required to bring it to the same odor intensity level, the threshold 
at which the odor in each case is just barely perceptible. Similarly, 
a threshold odor value of 10 indicates twice the intensity of an odor 
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of 5. An odor of 6 is three-fourths the intensity of an odor of 8. 
In other words, the threshold odor value units are a direct numerical 
expression of odor intensity. Because this is so, the threshold odor 
value units can be correctly used in making adsorption calculations. 
This constitutes the first of the two affirmative answers. 

The affirmative answer to the second part of the problem, simplica- 
tion of the adsorption calculations, was found by reducing these 
calculations to a pair of plotting scales, to be used in conjunction 
with a master or guide curve printed on properly ruled graph paper. 

The relationship between carbon dosage, amount of impurity re- 
moved, and amount of impurity remaining, is expressed by the 
general adsorption equation, usually attributed to Freundlich: 
ai In this formula, M is carbon dosage expressed in suitable units, 
such as grams per liter, per cent on weight of liquid, or parts per mil- 
lion. .X is amount of impurity removed by M expressed in any set 
of units which are linearly proportional to the concentration of im- 
purity involved. C is concentration of impurity remaining after 
treatment with M units of carbon. It must be expressed in the same 
units as X. The quotient = is seen to be the amount of impurity 
removed per unit weight of carbon, corresponding to a particular 
value of C, amount of impurity remaining. K and 1/n are constants, 
the values of which depend upon the nature of the carbon, the im- 
purity it removes, and the liquid treated. If any one of these is 
changed, different values of K and 1/n govern the equation. The 
exponent 1/n is always positive in sign. 

It will thus be seen that the adsorption equation, expressed in 
words, states that the amount of impurity adsorbed per unit weight 
of carbon decreases uniformly as the amount of impurity remaining 
decreases. 

When the equation is put into logarithmic form, it becomes 
aged bos — = log K + 1/nlogC godaaa 
This is seen to be of the general form 

y =a + bz, 
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which from analytical geometry is known to be the equation of g 
straight line, having a slope b and an intercept on the y axis equal 


to a. When laboratory data values of log z are plotted versus log 
C, the points will be found to fall along a straight line. The more 
convenient procedure is to plot < vs. C on logarithmically ruled 
paper. This line is the adsorption isotherm. The slope of the igo- 
therm will be found to be numerically equal to 1/n, and the intercept 
on the ordinate corresponding to a value of C = 1 (log C = O) will 
be found to be log K. 

Associated with the general adsorption equation, and derivable 
from it, is a family of parametric curves characterized by constant 
values of M. These are called the lines of constant carbon dosage. 
If these curves are drawn on logarithmically ruled paper, at intervals 
of unit weights of carbon or M values (fig. 1), the adsorption isotherm 
can be obtained by plotting M directly against C, without having to 
calculate a merely by locating the intersection of a given C value 
ordinate with the corresponding constant carbon line. 

However, these constant carbon lines are laborious to draw if they 
are not available already printed on the graph sheet, and to print 
them accurately at sufficiently close intervals of M values is a well 
nigh impossible problem in reproduction. To overcome these diffi- 
culties, advantage may be taken of a peculiar mathematical property 
of this family of curves. This property is that the distance between 
any two of the curves, measured along any ordinate line on the graph 
paper, is the same as the distance between them on any other ordi- 
nate. It follows, therefore, that if the constant carbon line for M = 1 
is drawn or printed on logarithmically ruled paper, it can be made 
to serve as a guide curve, to be used in conjunction with a scale 
divided and numbered into intervals equal to the respective ordinate 
spacings between the whole family of constant carbon lines. When 
“1” on this scale is placed on the guide curve with the edge laid 
along any given C value ordinate, the intersections of the constant 
carbon lines with this ordinate are automatically indicated by the 
divisions on the scale which is, therefore, a scale of carbon dosage. 

Using the procedure indicated in the preceding paragraph, the 
direct plotting of laboratory data on the ‘‘C”’ values (color or odor 
remaining after treatment) obtained experimentally with various 
carbon dosages or “‘M”’ values, to get adsorption isotherms, becomes 
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a very simple matter. From the isotherm, it is equally simple to 
find the carbon dosage required to reach a given residual odor by 
laying the scale along the C value ordinate corresponding to this 
residual, with M = 1 on the guide curve, and reading off the value 
of M at which the isotherm intersects the M scale. This is equiva- 
lent to solving the Freundlich equation graphically for M, and ‘is 
of course much simpler than an algebraic solution of this equation 
with its troublesome fractional exponent. 

It may be asked why the straight-line adsorption isotherm is 
preferred to the curvilinear plot obtained when M is plotted directly 
against C with ordinary codrdinates on rectilinear or logarithmic 
paper. The answer is that the straight-line plot is a check on the 
correctness of both the laboratory data and the plotting. If these are 
correct, the points should fall on a straight line. With a curvilinear 
plot, on the other hand, it is not possible to predict the rate of change 
of curvature that should be obtained, and the detection of incongrui- 
ties is very much more difficult. This is especially true when only 
four or five points are plotted, a necessary limitation in most labora- 
tory tests if excessive work is to be avoided. Four or five points are 
quite sufficient to determine a straight line, however. 

Until the advent of the threshold odor procedure, it was not 
possible for a water works laboratory to measure the effect of acti- 
vated carbon treatment directly on the water to which the carbon 
was to be applied. Now, by conducting tests with various carbon 
dosages and measuring the residual odors after treatment, it is pos- 
sible to determine what carbon dosage is necessary to reach a per- 
missible residual odor. The graphical procedure described in this 
paper can become a useful tool for routine determination of this 
carbon dosage, as the nature and intensity of odor vary from time 
to time in the water to be treated. 

Similarly, the plotting of isotherms from threshold odor test data 
by this procedure provides a simple and direct check on the uni- 
formity of successive shipments of carbon. A standard carbon 
sample, supplied by the manufacturer as representative of the quality 
to be supplied in commercial deliveries, is kept at the water works 
laboratory in a clean dry place. As each shipment arrives, a com- 
posite sample is taken and an isotherm run on the water being treated 
at that time. The standard sampleisalsorun. If the two isotherms 
do not coincide rather closely, the shipment is not of the same quality 
as the standard sample. 

Lastly, different brands of carbon can be compared in the same 
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manner, so that an intelligent selection of the most effective and eco- 
nomical carbon for combatting the prevalent type of taste and odor 
condition can be made. 

The isotherm procedure also opens a way for attacking numerous 
interesting research problems, such as further investigation of the 
correlation of phenol value with taste and odor removal capacity, 
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Other problems include studying the best point for carbon applica- 
tion in the plant, checking the effect which the presence of various 
chemicals such as chlorine and ammonia in various concentrations 
may have on carbon performance, working out the most advantageous 
procedure for insuring good mixing of carbon and water, and others 
that will ante occur to — interested users of carbon. 


{ 
= 
= 
{ 
‘ 
, 
iw 
ag 
+ 


agp jo 94} lo bodigcs eldgiler 


re 


blodeoidT” belles oa ai beaiveb Joy 


ACTIVATED CARBON APPLICATION EFFICIENCY ‘odt 
By Marspren C. Smitu abo 

Activated carbon has now demonstrated its value in water puri- 
fication so completely that no further data are needed to prove this 
valve. Even the secondary benefits resulting from its use are gen- 
erally known to the water purification profession. There remains, 
however, much difference of opinion as to the most efficient method 
of using carbon. The purpose of this paper is to direct attention to 
this fact. 

It may as well be recognized that the use of activated carbon for 
taste and odor (may we hereafter use only odor) removal is not a 
very simple problem. The nature of the odor producing materials 
and the degree of their adsorption by the carbon may vary not only 
in different plants, but in many plants may vary almost from day 
to day. The carbons themselves vary widely in character; one 
powerful in removing one impurity may be of but small value in 
removing impurities of a different nature. While not realized by 
many, the degree of water preparation for filtration (mainly coagula- 
tion and settling) has a marked influence on the effectiveness of the 
odor removal in itself as well as an effect upon the ability of the 
carbon to reach and to remove the odors present. 

To those difficulties already mentioned must be added the personal 
equation in the varying reaction of the observer’s sensory nerves. 
No wonder that certain engineers were one day on the verge of 
throwing away several tons of carbon which that day’s tests had 
shown to be virtually worthless, and the next day finding that this 
same carbon was apprently as good for water purification as any that 
are available! For these reasons this article will not be composed 
of statistics and curves which can have no more than a limited 
interest, and which in fact may well be misleading. It will, instead, 
suggest certain ideas for investigation, with the assurance that if 


followed they may produce surprising results. 


A paper presented at the New Orleans convention, April 27, 1938, by Mars- 
den C. Smith, Engr. in Charge, Bureau of Water and Elect., Richmond, 
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The most reliable method of evaluating the results of carbon ap. 
plication yet devised is the so called ‘Threshold Test.” It is simple 
to use and gives a fairly accurate and rational evaluation. There 
may be some justification for the criticism of the practice of heating 
the samples because of the possibility of chemical changes producing 
odors not present in the cold water; and further, the reliance entirely 
upon odor, eliminating taste. These objections are of no more than 
an academic interest and should not be considered until a better 
method of evaluation is devised. 
- However desirable it may be, in actual plant practice it is not 
often economically feasible to remove all odor. This is because, in 
the first place, it is generally not necessary, and in the second, because 
odors are adsorbed in direct proportion to their residual concentra- 
tion. This last statement means that the less the remaining odor 
the more carbon is required for a further reduction. As a reasonable 
limit, it is significant that waters having a threshold odor in excess of 
six (6) are likely to be objectionable to those not accustomed to the 
supply. Some have found that an odor as high as ten (10) may not be 
objectionable, although this is probably greater than should be 
permitted. odt 
POINT OF APPLICATION OF CARBON trai 


Where plant design makes it possible to do so, some have found 
that applying carbon before any other treatment is preferable. This 
is probably true, particularly in lime softening plants, when thorough 
mixing and adequate contact time for the carbon to do its work before 
coagulation, exist. But even in these relatively few plants, appar- 
ently not enough study has been made to prove conclusively that 
such practice is the most efficient and economical. 

Most water purification plants were built prior to the introduction 
of carbon to water treatment, and in most of these the carbon must 
be applied either shortly before, with the coagulant, or after coagula- 
tion. A recent survey indicates that a large majority of water works 
engineers believe that carbon should be applied to the untreated 
water just before coagulation. Some few are equally convinced that 
carbon should be applied after coagulation; and some radicals even 
add the carbon so that it may go directly to the filters. This article 
is by one of the radicals who here advances reasons to justify the — 
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thought that carbon applied at the filter is a most effective and 
economical practice. 

Coagulation is known to be a progressive phenomenon, that is the 
floc builds up in size from a molecular structure to the final visible 
floc, much in the sense that a rolling snowball increases in size. In 
building up it envelops within its structure colloidal and suspended 
materials. If carbon is added with the coagulant, some of the carbon 
is enveloped in the floc. This must limit or prevent some of the 
carbon from performing its intended function of adsorbing from the 
water its undesirable odors and odor producing materials. Hence it 
seems evident that the full efficiency of the carbon cannot be ob- 
tained with this practice of partial occlusion i in the — re- 
Ye 


One main purpose of coagulation is to remove impurities from the 
water. When the well formed floc settles to the basin floor, it car- 
ries with it much of the odor producing impurities and even adsorbs 
an appreciable quantity of the existing odorous materials. And so, 
if carbon is applied after coagulation has removed even a small part 
of the odor and odor producing materials from the water, the carbon 
will have just that much less burden and a consequent. increased 
efficiency when used after coagulation. 


Most students of odor removal now agree ‘that when carbon is 
added before filtration, enough must be used to pass through the 
coagulated water settling basins and to form a film of carbon on the 
filters. Even with the finely divided carbons now available, by the 
laws of chance and of diffusion, it is possible for many odorous sub- 
stances in the water to escape contact with carbon particles when in 
dilute suspension, and thus pass on into the finished water. On the 
other hand, when tbere is a film of carbon on the filters, these odor- 
ous substances in the water cannot pass without a most intimate and 
scrubbing contact with the arresting carbon. Perhaps this explains 
why the value of a ‘slight film’ on the filters is referred to by many 
of those who apply carbon before coagulation. 

Consider next if you will, another peculiarity of activated carbon: 


that it i is more with acid solutions ‘in solu- 
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tions that are strongly alkaline. In most plants the chemical rege. 
tions occurring at the time of coagulation reduce the pH of the water, 
thus the water becomes more acid after coagulation than. before. 
Since this is generally found to increase the efficiency of odor removal 
by activated carbon, we have another fact indicating the most effi. 
cient point of application to be that following coagulation, or after 
-recarbonation if it be a softening process. 
fo fi ott 
Sludge stabilization is advanced as a benefit to be derived from 
adding carbon to the water before coagulation. Carbon has virtu- 
ally no preserving ability, hence it can be effective only in adsorbing 
gases after putrefaction has occurred. This then proves that a con- 
siderable amount of adsorptive capacity of the carbon was unused 
when it was precipitated with the sludge! This unused capacity is 
then a true loss so far as odor removal from the water being treated 
is concerned. Asking pardon for digressing: Where it is possible to 
use prechlorination, is it not preferable to antisepticize the settled 
materials rather than to allow putrefaction to occur and Bess, — 
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ond 
Prechlorination has so many advantages that many would adopt 
the practice except for the intensification of tastes and odors that 
sometimes is a result of moderate prechlorination. It would, more- 
over, surprise many of those who fear this consequence to know that 
in many plants this intensification of odor does not constitute a nel 
increase. By this is meant that, while a plant odor survey may indi- 
cate a marked increase immediately after the chlorine is added to the 
raw water, the same amount of carbon will give as satisfactory or 
perhaps even a better odor reduction in the finished water than is 
obtained when prechlorination is not being used. May not the ex- 
planation be that chlorination before carbon application has made 
the odorous materials as much easier to adsorb as it has made them 
more pronounced? And also, since chlorination must be used at 
some stage of purification, the residual offensive materials, even after 
filtration, are sufficient to cause an equivalent intensity of odor in 
the finished water, unless removed by an increased amount of carbon 
before being intensified by post-chlorination. 
gp Those who apply carbon after coagulation or to the filters often 
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suffer a reduction in filter runs. Even such a valid argument against 
this practice loses much of its force in the face of some pertinent 
facts. In Richmond, where carbon is fed directly onto the filters, 
runs often exceed three hundred hours; the annual average always 
more than one hundred hours, and wash water required one per cent 
or less. When organic growths in the filters tend seasonally to in- 
erease so much as to shorten filter runs, an increased amount of 
carbon is now known to lessen materially their effect. Several ob- 
servers report that not only is this true, but carbon application onto 
the filters at such times actually increases the filter runs. However, 
let it be admitted that where preparation for filtration is deficient, 
resulting in short filter runs and bad filter condition, carbon applica- 
tion in excess of 10 lb. per million gallons (the probable equivalent 
of as much as 75 to 100 lb. if used before coagulation) may be im- 
smoved) di bisode 
dy BATCH VERSUS CONTINUOUS FEED bey: 
A considerable study has been made to determine the relative 
efficiency of adding carbon continuously to the coagulated, settled 
water as compared to applying the carbon in batch at the beginning 
of therun. The first of these plans involves adding sufficient carbon 
continuously at a rate found sufficient to reduce the finished water 
odor to the predetermined value. The second differs by placing a 
relatively large quantity of carbon in the filter box just before re- 
filling after washing the filter. It has been found that each method 
has its advantages. The continuous feed is simpler, but often allows 
an unsatisfactory water to pass at the beginning of the run—that is, 
until a sufficient carbon coating is deposited on the filter to become 
effective as a barrier against the passage odors. The batch feed 
must be renewed if the filter run continues until the adsorptive 
capacity of the first application of carbon is exhausted. The time 
for this renewal is a variable and must be determined by test after 
a number of hours of a filter run, if the maximum efficiency is to be 
obtained. But equally variable is the quantity needed for the maxi- 
mum efficiency when the carbon is applied continuously. In Rich- 
mond the batch feed is preferred because, for equivalent results, ap- 
proximately 15 per cent less carbon is required than for the continuous 
application. And here we first apply sufficient carbon for a 24-hour 
run at the beginning of the run, reinforced each 24 hr. after by adding 
the same quantity of carbon. It is recognized at Richmond that 
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there is a practical limit to the quantity of carbon that may beapplied 
directly on the filters, hence the plant is equipped to add carbon to 
the raw water at any time an emergency may require this less effi- 
cient added treatment. The maximum quantity of carbon that may 
be applied to the filters is empirically limited to 10 lb. per million 
gallons. However, as long as the coagulation results are the Rich- 
mond normal, even this low limit is never used. Again asking per- 
mission to digress, it seems that here again we find proof that, if 
coagulation is right, all other operating problems are reduced or: 
eliminated. 
It is hoped that what is here recorded may be taken not as a pro- 
vocative discourse, but rather as an incentive to further study of 
the problem of most efficient use of carbon. Certain it is that it 
would be a great loss to Richmond should it become necessary to 
apply carbon before coagulation. Due to the splendid results with 
an average quantity of less than 5 lb. per million gallons, it is now 
economically practical to apply carbon the year around. But, were 
it necessary to apply carbon before coagulation, since that practice 
has been proven by repeated tests to require more than ten times as 
much carbon as when applied to the filters, carbon could then be used 
only during emergencies. This would be most serious since the bad 
odors that would pass before the emergency was recognized would 
ruin the reputation and impair the public confidence in the water 
supply; and this impaired confidence, we all know, would persist 
long after the emergency had passed. 


Discussion by Joun R. Bayuis.* While the writer wishes to com- 
mend highly the purpose of Mr. Smith’s paper, because it is a matter 
which has not received a great deal of attention heretofore, he regrets 
that he cannot: become very enthusiastic over the possible savings 
in the use of powdered activated carbon by applying the carbon 
directly to the filters. The saving at Richmond can be duplicated 
probably in very few instances. The paper, however, is well worth 
the careful consideration of those using powdered activated carbon, 
for it indicates the possibility of making savings if a study is made 
of the best point or points of applying the carbon. 


* Physical Chemist, Bureau of Eng., 1643 E. 86th St., Chicago, Ml. 
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Mention is made by Smith that the carbons vary widely in char- 
acter and that one powerful in removing one impurity may be of 
small value in removing impurities of a different nature. This is 
true, but the reader should not form the impression that some other 
carbon will adsorb the impurities of a different nature very readily, 
or very much more extensively than another water works carbon. 
The adsorptive power of carbon for various compounds varies widely, 
and while much may be done by the manufacturer to produce activ- 
ated carbon suited for specific types of compounds, some compounds 
are adsorbed to a very much greater extent by carbon than ethers 
and no change in the activation will greatly alter this relation. 

Usually a carbon which gives the best results on the adsorption of 
a certain type of odor in water also will give the best results on re- 
moval of most any type of odor likely to be present in the water. 
Many are of the belief that some certain grade of carbon is much 
better for their particular odor problem than other grades, even 
though the materials have equal phenol adsorption. Such selectiv- 
ity has not been observed by the writer, and the phenol test has given 
reliable results on all types of odors which have been encountered in 
water. 

ODOR THRESHOLD FOR CONSUMER SATISFACTION 

The writer is in agreement with Smith that the odor threshold test 
is the best means of determining the proportion of the odor which is 
removed by the carbon. The operator sets a limit of permissible odor 
threshold in the filtered water and attempts to remove the odor to 
this standard. There is difference of opinion as to the amount of 
odor which may be tolerated, or perhaps it is better to say the 
amount which may be detected by the consumer. A hot odor thres- 
hold of 6, as mentioned by Smith, is in the writer’s opinion entirely 
too high to meet the desires of the consumers. 

The writer’s observations lead him to believe that when the hot 
odor threshold is not greater than 2, the water will be satisfactory 
to all consumers. A hot odor threshold of 3 is detected by only a 
few and will not cause complaints, but an odor threshold of 4 is 
noticed by nearly all of the consumers and will cause some complaints 
where it is known that better water can be produced. The writer 
has suggested that where the cost is not too great, efforts should be 
made to reduce the hot odor threshold to 2. This is the kind of 
water sawed by the public and the kind the oo should receive. 
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The results at Richmond are interesting as well as surprising, 
That such a great saving in the amount of carbon required may be 
made by applying the carbon directly to the filters seems almost 
impossible. This condition probably applies only in exceptional 
cases, and others should not gain the impression that a similar say- 
ing can be made in their plants. The writer’s belief is that, in general, 
the average economies which may be effected by applying the carbon 
directly to the filters will be about 10 to 20 per cent instead of about 
90 per cent as found at Richmond. Naturally there will be a few 
places varying all the way from 20 per cent to 90 percent. 

REASONS FOR THE RICHMOND RESULTS taal 

Thought has been given to the probable reason for the Richmond 
results. Since figures are not given in the article, these thoughts are 
mere possibilities, and may not be correct. The impression is gained 
that Smith assumes a hot odor threshold of 6 is satisfactory. Should 
the odor threshold in the Richmond raw water average low, the fol- 
lowing condition may occur. The water probably is one in which 
a substantial amount of the odor is reduced by coagulation and sedi- 
mentation. Assuming that the odor threshold of the raw water is 
12 to 15 and that this is reduced by coagulation and filtration to 
about 8, then there would not be much left for the carbon to do if 
the threshold is reduced only to 6. 

The writer can see where considerable saving in carbon may be 
affected if this is the condition. In most waters, coagulation and 
sedimentation give very little reduction in the odor threshold.  As- 
suming that the operator is trying to produce water with a hot odor 
threshold of 2, a great saving could not be made in the water by 
applying the carbon to the filter, should it be possible to apply enough 
at this point. Observations have lead to the belief that we may ex- 
pect 10 to 20 per cent reduction in the odor by coagulation, sedimen- 
tation, and filtration for the average water. Should the hot odor 

threshold of the raw water be 12 and it is desirable to reduce it to 2, 
we are confronted with the fact that not enough carbon can be added 
directly to the filter to produce this reduction. 

There are not many waters where the amount of carbon required 
to produce one threshold reduction is less than about 0.8 p.p.m. of 
carbon, and frequently each odor threshold reduction will require 
over 1.0 p.p.m. of carbon. Reducing the threshold from 12 to 2 
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ACTIVATED CARBON APPLICATION 


0.8 p.p.m. of carbon, eight p.p.m., or about 66 lb. of carbon per mil- a 
lion gallon, are required. This is assuming that the carbon is all 
added at the beginning of the treatment. It is possible to add part 
of the carbon in the beginning and part to the filters, and make some 
saving. The writer believes that the maximum saving by this pro- 
cedure in the average plant would be less than 20 per cent and prob- 
ably not over 10 per cent. 


ferent procedures for applying the carbon to the water and do not 


bam TABLE 1 lee 
Comparison of methods of adding carbon and coagulant to water 


RAW WATER | No | THe MIN: BEFORE! app-| PENSION | 
CARBON | | COAGULANT | | TOGRTERR 
Cold odor threshold 
30 p.p.m. Carbon, phenol value of 14 
Hot odor threshold 
30 p.p.m. Carbon, phenol value of 14 
; 20 p.p.m. Carbon, phenol value of 14 
o | o | | | | | 16 


Note: These tests were made on a sample of raw water collected from a 
filtration plant using activated carbon for removal of odor The samples 
were stirred for 20 minutes after the addition of the carbon. 


find much difference. This work, however, has not included apply- 
ing the carbon in batches to the filters. Table 1 shows tests in which 
the manner of applying the carbon to the water was varied. They 
are laboratory tests and the water, unless stated, was filtered through 
cotton plug filters after treatment. There is little difference in apply- 
ing the carbon before, with, or after the coagulant. In fact, coagulat- 
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ing and settling the water and then applying carbon did not produce 
differences greater than may be expected. Applying the carbon, 
then the coagulant, and merely settling the water, produces a thres- 
hold reduction equivalent to the other treatments. As the water 
was filtered through cotton plugs and not through sand, the results 
may not be the same as for a sand filter. 

In the particular plant where the sample of water was collected for 
the tests shown in the table, a hot odor threshold reduction of about 
1.4 was being obtained with the carbon for each part per million of 
carbon used. The odor threshold remaining in the filtered water 
was about 4. If 30 p.p.m. of the carbon reduced the odor from 60 
to 8 or 10, the amount of carbon required to reduce the threshold to 
4 in the laboratory would have corresponded closely to plant practice. 
Several trial applications of carbon to the filters in this plant did not 
produce a saving worthy of consideration. 

The writer hopes these remarks will not produce the impression 
that he questions the work at Richmond, for Smith’s statements are 
based upon actual operating experiences. The purpose is to state 
that such a saving, or even a substantial saving, should be expected 
in only a few places. The batch or flush-in method has been used at 
occasional intervals in a few plants and apparently with results not 
encouraging enough to warrant its continuation. Perhaps in most 
instances the results produced were not studied carefully enough to 
form any idea as to its efficiency. From the literature, one would 
judge that the flush-in method is used more extensively in Europe 
than in America. 

Smith’s article should do much to stimulate interest in the effi- 
cient use of carbon, for sometimes we start treating water in some 
certain manner which produces a good quality of water and never 
investigate to see if equal results may be accomplished more cheaply 
if the manner of treatment is varied. 
shee of tha raw hep 
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NATIONAL, MUNICIPAL, AND PRIVATELY OWNED 
WATER SUPPLY SYSTEMS IN CUBA 


Due to peculiar geological structure, Cuba has no rivers of im- 
portance. Cuba is formed to a great extent of Tertiary limestone _ 
in which are large deposits of underground water. Many of the 
town and municipal water supplies come from this source. : 
Cuba has a population of four million inhabitants of which 62.3 _ 
pe cent live in urban zones of more than 2,000 inhabitants. The 
- yemainder live in rural areas and on farms scattered about the 
country. Nearly 60 per cent of this urban population is being served — 
by adequate water works systems, 21 per cent of which receive their — 
supply from small streams or rivers, and the remaining 79 per cent _ 
from underground water deposits. There are in Cuba forty water 
supply systems; nine are owned by the National Government or by _ 
municipalities, and thirty one are owned and operated by private — 
companies. However, a majority of this population is served by _ 
national water works systems. The largest cities, Havana, Santiago, _ 
and Cienfuegos, are served by national or municipal water works. _ 
We feel that water service is distinctly a municipal function and | 
not to be entrusted to private interests for many and valid reasons. — 
But in Cuba, perhaps due to the limited resources of many of the _ 
small towns, water systems are better operated by private companies. — 
Of the 21 per cent served by surface water supply, only one-fifth 
receives good, sanitary, treated water. The remainder receive un- — 
treated, muddy water which is very dangerous to the public health, 
especially in the rainy season when these streams carry in suspension 
a colloidal clay very difficult to settle without the aid of a coagulation 
process. In addition these streams are badly contaminated, and 
there is no possible or effective chlorination. | 
We have filtration plants of the rapid sand system in only three of ; 


A paper presented at the meeting of the Florida Section at Daytona Beach, 
Florida, May 25, 1938, by J. A. Cosculluela, Ingeniero Consultor, Havana, 
Cuba. 
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those systems which receive their supply from rivers. All of these 
are of the pressure type. These systems are all owned by private 
companies. The remaining systems take raw water and supply it 
with only chlorination. We have tried to force all private companies 
with raw water supplies to improve the sanitary condition and qual- 
ity of the water by the installation of filtration plants. But these 
systems are owned and operated under very old concessions based in 
Spanish law. These concessions do not include any reference to 
sanitary conditions, and the companies have successfully appealed 
against this enforcement. Thus the only solution to the situation 
is to wait until the concessions have expired. However, new water 
supply systems using surface water must have filtration plants, and 
in addition all water must be chlorinated before being supplied to 
the consumers. 

Cities of more than 25,000 inhabitants chlorinate the water with 
liquid chlorine and use a Wallace and Tiernan control apparatus. 
But in small towns calcium hypochlorite (H.T.H.), manufactured in 
the United States, or Caporit, a German product, is used. Both 
have about the same content of free chlorine. 

Of the forty water works systems in Cuba, only ten are gravity 
systems. The remainder must pump part or all of their supply at 
a high cost, using electricity exclusively. The price of current per 
kilowatt has never been under five cents. 2viw Tae 

ii ASBESTO-CEMENT PIPE 


Since 1925 we have used in Cuba an asbesto-cement pipe in water 
works. This pipe is manufactured in Genoa, Italy. We believe we 
have been the first to use this kind of pipe in America. Although 
the cost of asbesto-cement pipe is high, it is lower than American 
cast-iron pipe. Asbesto-cement pipe has given good results in 
Cuba, especially with our ground water of over 300 parts per million 
hardness. Some of these lines put in service in 1927 at Caibarién- 
Remedios Water Works have been measured for discharge every 
year. They have always given the same results. 

New pipe lines of cast iron are being calculated by the French 


formula of Mougniée: tele 
J= 0.0087 


This formula takes due allowance of the class of water to be con- 
ducted. The Williams and Hazen formula has been used in Cuba 
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difference in the value of the coefficient “C” in a main line 1.5 mi. 
Jong and 8 in. in diameter. To this and other differences we called © 
the attention of the Cuban engineers, inviting them to measure old _ 
fines. We believed all diameters under 20 in. must offer a great — 
difference in discharge when compared with the formula results. 


of Our investigations were published in 1932 in a paper presented before 
the Cuban Society of Engineers. Some years later the New Eng- 
land Water Works Association published the results of an investiga- 


tion in different diameters and with different waters. These agreed | 7 


very well with our original conclusions. 
In general, our installations of cast-iron pipe have never been made 


with as much care as in the United States. The ordinary current — = 
specifications in this respect are not carefully fulfilled. Perhapsthis 


is the cause of our excessive underground leakage which is always 
too high in comparatively new pipes. Pipe lines only ten years in 
service show a leakage of more than 40 per cent of the total amount. | 
It is true that many of them have less lead than is necessary, and also | 
that a very poor grade of hemp is often used. With hard water, 
many pipes are reduced in capacity, and river water sometimes 
offers great tuberculation. We never try to clean these lines, and 
in most cases they have been changed for new ones. 


a WASTE OF WATER AND WATER RATES 


It is evident that a very large percentage of the water supplies in 
Cuban cities is wasted by the consumers and is lost by leakage. 
Cities of over 50,000 inhabitants, Cienfuegos, Santiago, and Havana, 
waste more water than is properly consumed. Havana, with a popu- 
lation of 500,000 and a daily capacity of 80 million gallons, cannot 
properly fill its needs, and the city requires an expenditure of more 
than ten million dollars to repair the whole system. However, the 
Cuban domestic consumption is not over 80 gallons per capita in 
cities over 50,000 inhabitants. 

We know that the easiest and most rational method of preventing 
the waste of water is by the use of meters, but we cannot force the 
use of them. There is a strong feeling in Cuba against them, and 
politics always take care of complaints and settle matters. Only 
time can improve this situation. 

Water rates are based on property rents and they are not very 
equitable. Old rates always were empirically made, and the regula- 
tion of new rates is very difficult. We now are using for this calcula- 
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tion a very equitable formula of the distinguished Cuban Engineer 
José Garcia Montes. The formula for practical application ig: 
T = aR + bQ—where 7’, the mean rate in the whole town, is a func- 
tion of & which is the mean monthly rent and Q the mean consump- 
tion value per capital. In this formula, a and b are variable coeffi- 
cients, “a’’ varying between 0.055 and 0.085 and “‘b” varying between 
0.165 and 0.200 in proportion to the costs of pumping and purifica- 
tion. 

A practical example will show more exactly the use of this formula, 
Assume that in a town there are 100 properties that are going to be 
supplied, and we need to make a schedule for them. The rents of 
these properties are: hel 


10 properties of a rent of $60 annually................ 


k= 100 $246. that, 


If the consumption per capita in the town is assumed to be 40 
gallons per capita daily, and the water is not going to be pumped, 
but only chlorinated, a = 0.055 and b = 0.165. The value of T 


willbe; at 
= 0,055 $246 + 0.165 X 40 = $2018 


The owner of the water works can then set up a schedule like the 
following: 


REVENUES FOR EACH 


NUMBER OF HOUSES YEARLY RENT PROPERTY TOTAL REVENUES 
$60.00 $12.00 
R 50 120.00 15.00 
240.00 20.00 
ony 600.00 30.00 
Los 720.00 35.00 
100 


= $1,920/100 = $19.20, and since, as was calculated before, 
the maximum value of 7’ is $20.13, the schedule can be approved. 
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A mean total of the revenues in private water works and in towns 
less than 50,000 inhabitants, for domestic rates, can be expressed by 
the formula: Domestic Revenue mean total (in thousands of dollars) 
= 2.8 X total number of inhabitants (in thousands). The revenue 
for industrial service only is: 0.7 X total number of inhabitants in 
thousands (with a mean price for metered water of five cents per 
cubic meter). The public service is not paid, and there is no charge 
for hydrants in Cuba because the old Spanish law required all private 
enterprises to supply free of charge all the water necessary for public 
service. 

Some national water works have been very high in cost; Santiago 
with a population of only 100,000 inhabitants has required an invest- 
ment of more than ten million dollars and the system is not yet 
complete. Small towns under 10,000 inhabitants also need a rela- 
tively high investment in relation to the possible revenues. Open 
contruction of only one story, very few and long streets, and a very 
reduced density of population require long mains. Under these con- 
ditions the mean investment for the distribution system alone is, for 
towns under 10,000 population, 11.7 (in thousands of dollars) xX 
total number of inhabitants in thousands. The total investment in 
cities of the same size amounts, in thousands of dollars, to 19.5 X 
total number of inhabitants in thousands. The capital invested and 
required to keep the plant in operation has a mean value of $32.50 
per capita in small towns, capitalization being calculated at 5 per 
cent interest during the 30 years of concession. The first cost alone 
has a mean value of $9.55 per capita. 

For these and other reasons, high revenues are not always suffi- 
cient to cover all expenses. This situation causes the whole business 
to operate in disregard of economic principles whereby charges for 
depreciation are considered. Only ordinary repairs are made, so 
that, when the tenure of the concession expires, the plant is practi- 
cally out of service. We do not have as yet a commission or any 
regulations for public utilities. Such a commission is badly needed. 


FIRE PROTECTION REQUIREMENTS 


We do not need public fire protection service like that requited in 
the United States. Our fire demand is low because we never have 
fires of such magnitude as is common in the U. 8. We do not use 
combustible materials in construction, and the burnable property is 
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very little compared with that in the U. 8. In our largest city, 
Havana, we have not, in the 400 years of its existence, had any fire 
like many in the cities of the U.S. 

For cities of less than 50,000 inhabitants we use a Cuban formula 
for the fire demand: R = 2.5 X 63 X X°° in gallons per minute, 
where R = fire demands in gallons per minute and X = number 
of inhabitants in thousands. 

The mean pressure for the ordinary system in residential districts 
is only 10 lb. per sq. in. The regulation requires only 5 meters 
(16 ft.) of head at peak hours at the highest point of the served 
system. Of course this low pressure requires the use of a domestic 
pumping service in the cities of over 25,000 inhabitants and for 
houses of more than two stories. Thus the cost of water to the 
consumers is increased. 

The whole investment of the forty water works in Cuba amounts 
to fifty million dollars, 60 per cent of which is composed of private 
enterprises. The remainder belongs to the National Government 
with the exception of Havana and Guantanamo. 


SANITARY CONTROL AND CHEMICAL CONTENT 


Sanitary control of water works is in charge of the Public Health 
Service, and under the direction of Dr. Domingo Ramos, Chief 
Officer, who was honored this year with the Vice Presidency of the 
American Public Health Association. There are two laboratories 
for the sanitary control of water works, one in Havana and the other 
in Santiago, in which are made the analyses of water for all private 
companies. The Public Works Department has its own laboratory 
for analysing water from the national water works. There is also 
a sanitary laboratory in the University of Havana used for teaching 
sanitary engineering. 

The water in Cuba is, with few exceptions, hard. The ground 
water is generally derived from limestone formations. Its hardness 
is greater than 250 parts per million, calcium salts always predominat- 
ing over magnesium salts. No softening of water is being carried 
out by public works. Softening is done only by some industries 
and hotels. 

In general we do not have any trouble with iron or manganese 
content. As to sodium chloride, in some parts of Camagiiey Prov- 
ince an appreciable quantity is found in the water, but it imparts 
little or no taste to the water. Many complaints are filed for chlorine 
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taste because we use no method of dechlorination and many surface 
waters require strong doses of chlorine. In Cuba we do not have 
many cases of goitre or mottled enamel that can be traced to the 
drinking water. 

We follow the standard methods for the analysis of water of the 
American Public Health Association. In the University of Havana 
Laboratory, however, we also measure the electric conductivity and 
deduce from the same a mean value of the hardness and total mineral 
solids. The conductivity of the ground water from limestone forma- 
tion varies from 350 to 1,000 units. 

Following a German formula, the hardness of water can be cal- 
culated with an error of only 1 per cent for four different degrees of 
conductivity varying with the chloride content. The method is 
especially useful with hard waters. In bacteriological analyses we 
use counts both at 37° and 20°C., especially when dealing with river 
waters. 

In those water works with surface water supplies and without any 
filtration plant, typhoid fever is not always prevalent among the 
people who drink such a dangerous water. We have no significant 
incidence of water-borne typhoid fever in those towns with this 
seemingly dangerous supply. We do not know the reason for this 
good fortune. In rural zones we have a high occurrence of typhoid 
fever, last year to the amount of 61.4 per 100,000 inhabitants in the 
rainy season. The fever came from shallow wells on the fringe of 
rural communities, and very often from farms. Last year we had, 
in a rural town, a severe outbreak of “‘bacillary dysentery” due to the 
infection of a shallow well. The epidemic was, however, rapidly 
overcome. 

In some towns of the Oriental Provinces there are outbreaks of 
“gastro-enteritis’ in the summer season. We have not yet ascer- 
tained the cause although an epidemiological survey has been made. 
There is now appointed for the study of this disease a special com- 
mission composed of the Director of Public Health, an epidemiologist, 
and a sanitary engineer. We are convinced that this problem will 
be solved only by the codperation of such professional men as these. 
Especially in Manzanillo City is the situation very similar to that in 
New York state, particularly, it seems, as regards the possible cause 
of the disease. Any suggestions in reference to this matter will be 


y, 
re 
la 
’ 
i 
“a 
hd 
: 


CORROSION CONTROL—STUDIES AND OPERA’ TING 


EXPERIENCES 
Round Table Discussion rwon 


By Tuomas H. Wiaern, Grorce D. Norcom, I. M. Guacg, 
D. E. Davis, H. M. Ouson, J. WatTeR ACKERMAN, 
4 AND CaRL ALEXANDER 


Txomas H. Wiaetn anp D. Norcom. The writers are, 
and have been for about the past 10 years, engineer or consulting 
engineer and consulting sanitary engineer respectively to the group 
of small and medium sized water plants affiliated with the Federal 
Water Service Corporation. These plants, which have grown in 
number to about 130, are located in New York, New Jersey, Pennsyl- 
vania, West Virginia, Alabama, Ohio, Illinois, California, Washing- 
ton, and Oregon. Waters of many different kinds are included both 
in surface and in ground waters. This paper is largely based on 
examinations of the interior of pipes at these and some other plants, 
and on measurements of flow coefficients at certain of the plants. In 
the principal cases considered, an attempt is being made to treat the 
water so as to render it non-corrosive, and considerable cleaning of 
pipes has been done to remove past tuberculation. Our discussions 
as to these principal cases are in the nature of a progress report. 
Our observations and investigations are merely well begun and are 
being continued. 

We have chosen to divide our discussion into two parts. The 
first part will deal with engineering and economic aspects of pipe 
corrosion and its control, and a few examples will be given. The 
second part is observations on the effectiveness of chemical treatment 
of water supplies for the control of pipe corrosion. 


Presented at the New Orleans convention, April 28, 1938. The partici- 
pants were: Thomas H. Wiggin, Cons. Engr., 90 Broad St., New York, N. Y.; 
George D. Norcom, Cons. San. Engr. and Chemist, 90 Broad St., New York, 
N. Y.; I. M. Glace, Cons. Engr., 22 South 22nd St., Harrisburg, Pa.; D. E. 
Davis, Cons. Engr., Century Bldg., Pittsburgh, Pa.; H. M. Olson, Sales 
Engr., Ohio Salt Co., Wadsworth, Ohio; J. Walter Ackerman, Chief Engr. 
and Gen. Supt., Consolidated Water Co., Utica, N. Y.; and Carl Alexander, 
Supt., Water Works, Rome, Georgia. 
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ENGINEERING AND ECONOMIC ASPECTS OF PIPE 
CORROSION AND ITS CONTROL 


Taomas H. Wiaatn. The writer was born and educated in New 
England and had his first six years of practice there, mostly on the 
Metropolitan Water Supply of Massachusetts—under those great 
hydraulic engineers Frederic P. Stearns, Desmond Fitzgerald, and 
John R. Freeman, and a great distribution engineer, Dexter Brackett. 
With the soft water of New England the matter of tuberculation and 
loss of capacity of metal pipes was very common knowledge. As far 
back as the middle of the last century cement-lined pipes began to be 
used in many places. In his childhood over 50 years ago the writer 
often saw cement-lined steel pipes being fabricated by the water works 
department of his home city near Boston. The cement was not 
Portland, but natural cement, and the mortar was put on about 3-inch 
thick. A considerable mileage of this cement-lined steel pipe is still 
in service and is reported to have good coefficients. However, since 
the steel was thin and the rivets small, the shell rather than the lining 
has yielded to exterior corrosion (and higher water pressures in many 
eases) causing abandonment of the pipes. 

One of the writer’s first jobs with the Metropolitan supply of 
Massachusetts was to try to find how to make the Angus Smith coal- 
tar coating, i.e., with linseed oil added. It was thought the tar 
coating of the nineties was inferior to that of the sixties and seventies 
when, if tradition is correct (which the writer learned to doubt), 
Angus Smith coating was in its heyday. 

The problem of corrosion was well recognized by those engineers 
previously mentioned, and coefficients were at times measured. 
Desmond Fitzgerald’s experiments in cleaning and reconditioning 
the 60-inch cast iron Rosemary siphon were noted in their time. 

A famous controversy turning on pipe-line coefficients was that 
in the nineties between Clemens Herschel, inventor of the Venturi 
meter, and Emil Kuichling, for years engineer of the Rochester, N. Y., 
City water works, regarding the safe flow-coefficient for steel pipes. 
Clemens Herschel pledged the credit of his company, The East Jersey 
Water Company of metropolitan New Jersey, on his estimate of a 
proper coefficient, and, as he made too little allowance for early cor- 
rosion, the Water Company had to spend over a million dollars to 
make its pledge good by building a duplicate line. Herschel blamed 
the Rochester reports on steel pipe coefficients made by Emil Kuich- 
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On the building of the City of New York Catskill water supply, 
under J. Waldo Smith, the writer spent thirteen years as the senior 
designing engineer and became acquainted with coefficients of 
the New York water supply pipes, then using mostly Croton water 
with a hardness of about 35 parts per million and Long Island 
ground water of various hardnesses, but mostly soft. Tar-coated 
pipes with these waters were known to corrode rapidly, but W. 
W. Brush, who was for a long time chief engineer of the operating 
department of the New York water supply, found that, after the 
soft Catskill water (hardness about 17 p.p.m.) was brought in dur. 
ing 1916, it tuberculated the metal pipe and services many times 
asfastasCroton. Inthe New York distribution system 6- and 8-inch 
pipes tuberculate so extensively that a coefficient of 25 is not unusual, 
and the writer has been informed that at a coefficient of about 25 it 
has become customary to take up such pipes and replace them with 
larger cement-lined pipes, generally 12-inch in grillages. 

The writer has seen many old pipes removed from distribution 
systems in England and Scotland where waters are frequently more 
soft than the New York Catskill water. Small pipes were often 
nearly completely stopped up with tuberculation. The problem of 
corrosion is recognized in such outstanding cases, but most operators 
seem to have a feeling of freedom from its damaging effects. Such 
an attitude is not justified by the facts. 


wd 


HOW PREVALENT IS CORROSION 


There is a wide-spread impression that corrosion of importance to 
the water superintendent occurs only with soft waters of the coastal 
regions. The writer often meets with this opinion, and it is prag- 
matically demonstrated by the fact that less than 10 per cent of cast- 
iron pipes sold today are ordered with improved coatings of enamel 
or cement mortar. 

Eleven years ago when the writer first took charge of improvements 
for the Federal Water Service Corporation, he instituted, through 
Allan W. Cuddeback then Executive Vice President of that Corpora- 
tion, a questionnaire regarding tuberculation which was sent to all 
the companies. A large number of superintendents reported no 
trouble with corrosion, but the writer in visiting the plants during the 
following two years found practically all distribution systems to be 
materially affected as far as carrying capacity was concerned. 
Cement lining was prescribed for nearly all plants. During subse- 
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quent years a considerable number of flow coefficient measurements 
were made at various plants and they showed that even the waters 
with hardnesses of 250 to 400 p.p.m. cause tuberculation in tar 
dipped pipes so that pipes begin at once to lose capacity. These 
pipes may easily have coefficients of 75 or 80 after 25 years or so. 
With the softer coastal waters in the East and on the north Pacific 
Coast coefficients go much lower. A 6-inch pipe, carrying water 
having a hardness of 280 p.p.m., an alkalinity of 200 p.p.m., and 
pH of 7.5, had a coefficient of 42 after 39 years. At another plant 
with water of 250 p.p.m. hardness, an 8-inch pipe 43 years old had a 
coefficient of 72. 

Waters treated with lime, or lime and soda have corroded pipes 
that have been cleaned whenever coefficients have been measured. 
There have been a number of such cases. It should be said, however, 
that in only a few of these cases has the chemical treatment been 
carried to the point which would represent the chemists’ best prac- 
tice from the point of view of corrosion prevention alone. Cost of 
treatment enters into the problem in not a few cases. 

Waters of Lake Erie, Lake Ontario, and the Finger Lakes of 
New York are comparatively easy on tar-coated pipe, but coefficients 
of 85 to 100 in pipes of 16- to 24-inch diameters, and 60 to 80 in pipes 
of 4- to 8-inch diameters are found by our measurements. These 
pipes are from 15 to 30 years old. Lakes near Syracuse, N. Y., have 
given better results, probably because the waters are not filtered. 
Here coefficients from 115 to 130 have been measured in pipes about 
17 years old. The writer would call attention to the fact that nearly 
all of these most favorable of waters still give coefficients 30 to 50 
per cent less than new pipes. This represents a real loss in carry- 
ing capacity and a challenge to engineers. 

This challenge has been met, so far as new work is concerned, by 
cement lining and tar-enamel lining for metal pipes, and also for 
certain cases by other types of pipe such as reinforced concrete and 
cement-asbestos. For existing pipes, the Perkins-Gillespie system 
for pipes 36-inch and larger and the Tate process for pipes 20-inch 
and smaller are in successful use for lining pipes in situ with cement 
mortar. It has been abundantly demonstrated that tar enamel also 
can readily be applied in situ in pipes about 36-inch and larger. 

Cleaning pipes has been successful in many cases, but with any 
treatment of the water with which the writer has experience cleaning 
has to be repeated at intervals. With hatches to expedite and 
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cheapen the work, repeat cleaning has proven to be practicable and 
to save power or capital expenditure in new pipe lines or both. 
AN ECONOMIC PROBLEM 


A plant in New York state which supplies about 13 million gallons 
per day of filtered Lake Erie water, has been the subject of rather 
continuous economic study by the writer for over eight years. This 
same plant has recently been the subject of special study by Mr. 
Norcom from the preventive chemical side. ; 

The engineering problem at this plant has been, and is, to take 
care of extraordinary summer peaks occurring in periods of a week 
or so when unusual heat and absence of rain combine to cause a wild 
use of water for bathing and sprinkling. The percentage increase 
over average consumption is of course nowhere near as great as in 
very dry and hot regions, such as the San Joaquin and other valleys 
in California, but in the particular case here described much of the 
water has to be transported ten to fifteen miles, and a peak of about 
50 per cent over average consumption means a very heavy load to the 
24-, 20-, 16-, and 12-inch pipe lines which, generally in multiple, 
constitute the transmission system. 

Tests of these pipes which are mostly about 30 years old show 
Williams-Hazen coefficients of about 80 to 85 for the 12-inch and 
16-inch (one 16-inch, 36 years old, had 100) and 90 to 100 for the 
24-inch. Smaller pipes were tested as follows: 8-inch, 40 years old, 
84; 8-inch, 40 years old, 93; 6-inch, 30 years old, 74; 6-inch, age 
unknown, 78; 6-inch, 19 years old, 93; 6-inch, 7 years old, 102; 
4-inch, 8 years old, 59. All water is first pumped by a low-service 
station. In peak times about two-thirds of it is then re-pumped by 
two boosters on the low-service system, then about half of it is re- 
pumped by two high-service stations, and finally about one-third of it 
is again re-pumped by another booster station. During times of 
normal consumption the boosters are not operated, but it was found 
more economical to use boosters during peaks than to parallel many 
miles of main. 

This line of procedure had reached its limit, and it was found that 
cleaning and periodic re-cleaning of about 115,000 linear feet of 
24-, 16-, and 12-inch pipe would save an investment of about a quarter 

of a million dollars in new mains at a time when government regula- 
tion had made new financing difficult. Fig. 1 shows the effect of the 
_ first year’s work under this program of cleaning. It will be noted 
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that the pipes, which initially had Williams-Hazen coefficients of 89 
to 95, after cleaning had coefficients of 124 to 140, and five to eleven 
months after cleaning had coefficients of 96 to 131, the 24-inch pipes 
having distinctly higher coefficients than the 16-inch. In deter. 
mining the flow coefficients, flow was determined at each end of each 
stretch, generally by pitometer but in a few cases by Venturi meter 
at one end and pitometer at the other. Station ratings for pitometer 
measurements were made on two diameters at right angles. Losses 
of head were measured by spring gauge of large size and good quality, 
tested with dead weight tester before and after use on each vuccasion, 
Differences in elevation of gauges were determined by engineers 
spirit level instruments and levelling was checked. Losses of head 
were kept large, generally 20 to 40 feet, so that errors of gauges would 
not make much difference in flow coefficients. Lengths of stretehes 
were relatively large, viz., varying from 7,351 to 14,325 feet. Meth- 
ods and results were checked by men expert in such work and not a 
few tests were repeated. The results for run (2) (3) at 33, 7, and9 
months seem to be improbable. The losses of head were respectively 
19.7, 10.6, and 12.0 feet (the latter two being smaller than intended) 
and the length 7,351 feet. 

Examination of the pipes last February in Runs 1, 9, and 10 showel 
relatively few (but large) tubercles which were mostly in the bottom 
of uncleaned parts of the pipe. A corrugated gray deposit of limy 
material between 7; and +s inch thick covered the interior surface 
(See fig. 2). In the cleaned parts of the pipe many small tubercles 
had started and the limy coating was very thin (See figs. 3 and 4), 
Fig. 4 is a photograph taken at the beginning of a cleaning run. It 
shows the tubercles in striations apparently caused by the cleaning 
tools, though with the multiplicity of overlapping scrapers it is a 
little hard to see just how this came about. This effect has also 
been noted at another plant. Fig. 3 was taken at the end of a run 
and does not show striations, perhaps because the tools were worn. 
Readers are cautioned that the photographs seem to exaggerate the 
size of tubercles, probably because all the light comes from a con- 
centrated flash light. 

Unless and until the technique of water treatment becomes mark- 
edly improved, re-cleaning will have to be done often (if not regu- 
larly in the spring) to keep the planned economic advantage of a high 
coefficient during peak consumption in July and August. This was 1 
anticipated and provided for in the writer’s original cost estimates, 


ag 
= 
Ag 
| 


Fic. 2. Run No. 1, a 24-rncw Cast [ron Pree 1n 1907. Never CLE4NeED. 
INSPECTED Fes. 3, 1938. COEFFICIENT APPROX. 95 


Fic. 3. Run No. 9, a 16-1ncH Cast Iron Pipe Larp In 1907. CLEANED 
Juty 30, 1937. Inspecrep Fes. 4, 1938. Co- 
EFFICIENT APPROX. 105 


Fic. 4. Run No. 10, a 16-1ncw Cast Iron Prive Larp 1927. CLEANED 
June 30, 1937. Inspecrep Fes. 3, 1938. 
COEFFICIENT APPROX. 95 
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though he had some hopes that chemical treatment would delay the 
re-tuberculation more than it did in some of these pipes. Tools with 
rounded edges will be tried in the first re-cleaning. 

The writer has had to do with the cleaning of two other mains that 
are cleaned almost every year. One of these is a 16-inch main about 
30,000 feet long, carrying water of about 35 p.p.m. hardness, filtered, 
and treated with lime to the point of supposed chemical balance 
(a pH of about 8.4). The coefficients on this pipe before the writer 
first had it cleaned in 1925 were from 65 to 80 for different sections, 
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FIGURE 5 


COEFFICIENT CHANGES ,16-INCH TAR COATED CAST IRON MAIN 
LAID IN 1905 IN WESTCHESTER COUNTY ,NEW YORK. SURFACE 
ss WATER FILTERED AND TREATED WITH LIME. HARDNESS 35-40 


Through the courtesy of the present owners the complete record of 
this pipe to date is given in fig. 5. The coefficients range from 
roughly 120 to 130 immediately after cleaning to about 90 to 100a 
year later, just before the next re-cleaning. The pipe was not 
cleaned in 1937 and the chemical treatment was successful in holding 
up the coefficient to about 104 where it has remained. The test 
made in April 1938 showed a coefficient of 101 which was so near 104 
that other measurements were needed to be sure of a decline. The 
record of the past 2 years with this pipe is the most hopeful develop- 
ment which has come to the writer’s attention. (As this manuscript 
is being prepared, information has been received that a test made on 
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May 3 showed a coefficient of 99.4. The pipe was then cleaned and 
gave & coefficient of 130.) 

The other pipe, 10 inches in diameter and about 9300 feet long, 
carries water having about 0.6 p.p.m. manganese, and in general 
(instead of tuberculation) there accumulates a black slime easily 
removed by cleaning. The coefficient before the first cleaning in 
June, 1930 was 65, and after cleaning 110. In recent years the 
coeficient has been kept up to about 90 or more by periodic re-clean- 
ing with blades set so as not to remove quite all the manganese oxide. 


SUMMARY 


Internal corrosion of pipes is very prevalent—almost universal— 
and the expense of good protection for metal pipes such as cement- 
lining or tar enamel is amply justified for metal pipes, while other 
less corrodible pipe such as reinforced concrete or cement-asbestos 
have also their place. Far too little use of improved protection 
is being made by water works men. 

Cleaning has its place, but one should be prepared for yearly 
re-cleaning if high coefficients are to be sustained. That tubercles 
can sometimes re-form with incredible rapidity even in water treated 
to the point of supposed chemical balance is shown by the pho- 
tographs. 

Chemical treatment according to current theories doubtless pre- 
vents red water troubles, but lime treatment has proved of only 
limited value in the writer’s experience in preserving flow coefficients. 
The writer has no experience with silicates. It is hoped that those 
who have measured coefficients in connection with chemical treat- 
ment will come forward with information and that those who have 
rested with confidence in chemical theory will make flow tests to see 
if their confidence is justified. 

Degassification as used by Powell and Burns on the force main at 
the Grande Ecaille sulphur development south of New Orleans has 
been very successful. This pipe, however, is part of a closed system 
where the water has no chance to absorb oxygen again before entering 
the pipe. It is well proven that degassification is of great aid in 
closed systems, but if the water passes through an open tank or 
reservoir, this treatment could not be expected to be applicable. 
How much exposure in tanks will nullify the benefits of degassification 
is yet to be demonstrated so far as potable water supplies are 
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Many interesting and important questions remain to the chemist 
In addition to the usual question, there are special questions such as 
the corrosiveness of deep ground waters free from oxygen but cop. 
taining CO:, and whether to aerate such waters at the expense of 
oxygenating but with benefits of removal of COs. 

The Association may well re-open this question and establish a 
research committee or add this needed research to the duty of ap 
existing committee. It is important that engineers be included in 
_ such a committee as tests of flow coefficients need to be resorted to 
_ always to check the chemist. 
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THE EFFECTIVENESS OF CHEMICAL TREATMENT FOR 
THE CONTROL OF PIPE CORROSION 


Greorce D. Norcom. In this paper only internal chemical cor- 
rosion will be discussed since it is expected that corrosion by electroly- 
sis and loss of capacity in pipes due to biological growths will be 
treated by others. The corrosion of iron pipe is a universal water 
supply problem. To most plant operators corrosion means red or 
rusty water, stained porcelain, stained laundry, and leaking services— 
all evidenced by consumers’ complaints. If these troubles do not 
exist or can be eliminated by treatment, he will report that there is 
no corrosion in his water supply system. I should be the last to 
deny the seriousness of consumers’ complaints and yet I submit that 
they are only superficial evidence of pipe corrosion. 

The more serious aspects have long been the concern of engineers 
such as Mr. Wiggin, who has told of the economic losses which are 
attendant on loss of carrying capacity due to tuberculation. New 
emphasis has been placed on this phase of corrosion by the Report 
of the Committee on Pipe Line Coefficients of the New England 
Water Works Association. It is possible that cast iron pipe with a 
life in excess of 100 years will be 80 per cent depreciated in carrying 
capacity in 30 years. From this point of view it becomes very 
important to determine what is being accomplished by the chemical 
treatment of water supplies in the prevention of corrosion as evi- 
denced by tuberculation. 

THEORIES OF UNDERWATER CORROSION 

Underwater corrosion has been the subject of a vast amount of 
study and water works literature is replete with references to it. 
The methods of attack have included careful laboratory research, 
controlled experiments with small pipe, and somewhat empirical 
plant scale demonstrations. Much of this work is summarized by 
Speller (1) in his treatise on corrosion. Authorities are in general 
agreement regarding the mechanism of underwater corrosion. It 
is electrochemical in nature, and the magnitude of the potential deter- 
mines the tendency of the reaction to proceed, whereas the rate of 
corrosion is determined by the resistance to corrosion set up by the 
products formed on the surface of the metal. 

The two following condensed non-technical summaries of the main 
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factors which determine the progress of the corrosion of iron in water 
are quoted or paraphrased from Speller. 

1. “The element iron, like all other metals, when placed 
in contact with water ..., has a definite inherent tendency 
to go into the solution....” As the iron goes into solu- 
tion, hydrogen is plated out as a thin invisible film on 
the iron surface. 

SX 2. “If corrosion is to proceed, the hydrogen film must 
% somehow be removed. This happens mainly in two ways: 
3 (a) the hydrogen combines with oxygen present in solution 

to form water, or (b) it may escape as bubbles of hydrogen 

gas.”” 

The preliminary products of the corrosion of iron are principally 
ferrous hydroxide and ferrous bicarbonate or both. In the absence 
of free carbon dioxide, only ferrous hydroxide is formed, some of which 
may be swept away by the water, but much of which is deposited on 
the pipe surface. In the presence of oxygen it is oxidized to ferric 
hydroxide which behaves similarly. In the presence of free carbon 
dioxide, particularly in soft water where this constituent is high, the 
metal is taken directly into solution as ferrous bicarbonate so that 
samples of water from the distribution system show an increased 
content of total iron. In the presence of oxygen the ferrous bicar- 
bonate is decomposed with the precipitation of ferric hydroxide and 
the liberation of free carbon dioxide which starts another cycle of 
attack. Tubercles appear to contain ferrous compounds close to the 
metal surface and brownish red ferric oxide, Fe2,O3, on their outer 
surface, with the intermediate portion containing considerable black 
magnetic oxide, Fe;Ox.. 

Without having recourse to the electrolytic theory, it would seem 
that the following reactions explain the foregoing principles suffi- 
ciently for the purpose of this paper: 

Fe + 2HOH = Fe(OH): + H or) «an 

2Fe(OH): + H,0 +0 =2Fe(OH); 


latonsy 
Fe + 2H,CO; = Fe(HCO;); +H: 


Io ster + O = H,O 
ant 2Fe(HCOs)2 + + O = 2Fe(OH); + (2b) 


It may be noted that reaction (2b) liberates free carbonic acid for 
a repetition of reaction (2). 
on. Two general effects of corrosion will be observed in everyday prac- 
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is given and Baylis (5) in his article entitled “Prevention of Corrosion 
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tice: first, the solution of iron from the pipes as shown by the 
increased iron content of samples taken from the distribution system 
and by red and rusty water, particularly in dead ends; and second, 
the tuberculation and rusting of the mains. It should be noted par- 
ticularly, however, that tuberculation may take place with no 
increase in the iron content of the water and no evidence of red water. 
In this case all of the products of corrosion seem to be retained 
on the pipe walls. Furthermore, when the free carbon dioxide is 
neutralized with lime at a pH of approximately 8.0 to 8.2, red water 
complaints usually stop. This does not mean that tuberculatjon 
stops. 

From the point of view of continued pitting and corrosion it is 
clear that oxygen is the principal factor, but from the point of view 
of water quality anything which contributes more than 0.3 p.p.m. 
of iron to the water supply is of the greatest importance. Speller (1), 
Borgmann (2), Vernon and Wormwell (3), and others agree that the 
direct action of carbonic acid upon iron and its compounds in the 
presence of water is negligible. On the other hand, a preliminary 
attack by carbonic acid is recognized by Hale (4), Foulk (11), and 
Treadwell (10). Evidence of the direct solution of iron by carbonic 
acid occurs in nature, an example in point being certain iron bearing 
deep well waters which are known to be free from oxygen. Super- 
ficial ground waters overlying these deep formations may be prac- 
tically free from iron. The iron in the deep well water has been dis- 
solved by carbonic acid, as indicated by freshly pumped samples 
which are perfectly clear although they contain considerable ferrous 
bicarbonate. When such samples are brought into contact with air, 
the iron is precipitated as ferric hydroxide with the liberation of free 
CO,. To what extent the original solution of the iron was influenced 
by biological action is problematical; nevertheless, the same condi- 
tions—both chemical and biological—are reproduced in pipe lines 
carrying this water as originally existed in the wells. These con- 
siderations, together with the recognized ability of carbonic acid to 
dissolve films of calcium carbonate, lead us to believe that, far from 
being negligible, free carbon dioxide may well be ranked with oxygen 
in importance from the point of view of the water works chemist who 
is trying to keep the iron content of the water in his distribution 
system below 0.3 p.p.m. } 

Probably the best description of the mechanism of tuberculation 
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* oe and Red Water.” Observing that the destruction of water pipes by 
ag - corrosion is almost entirely by pitting, he concludes “that there is 
_ some unusual concentration of factors influencing the corrosion jp 


spots. . . . Only two constituents of the water have been found to be 

aa -—essential—dissolved oxygen and negative ions, such as sulphates and 
a i Bb re: The writer believes that the presence of free carbonic 
ey: acid in soft waters with its accompanying low pH should not be over. 
looked, particularly with regard to the initial attack which first starts 
BE. the pitting. Baylis has demonstrated that the liquid in the interior 
os . of tubercles contains a high concentration of sulphates and chlorides, 


a which by a process of diffusion and with the aid of oxygen carry ong 
; cyclic attack which does not stop until a completely impervious mem- 
brane is formed, if ever. Whether tuberculation is explained by this 
S theory or by one of the more general theories announced by Speller, 
= the fact remains that it is of the greatest importance to water works 
a men and is deserving of further study. 
odd fas, abauoqine 
ee The safest answer to this question would include most public 


; water supplies. Exceptions are so few that they tend to prove the 
ts rule. In their natural state all water supplies are more or less corro- 
3 sive. All things are relative, and from an empirical standpoint the 
following criteria are generally employed in arriving at an estimate 
of the corrosivity of a water supply: 


WHAT IS A CORROSIVE WATER 


Factors Favoring Corrosion bata: Factors Retarding Corrosion 


ae 1. A high oxygen content. 


centration, the more active will be 


4, Corrosion is usually less severe in 

: 2. A high content of free carbon di- hard waters (buffer salts). 
z oxide, particularly in soft waters. 2. The presence of considerable or- 
Bev 3. The greater the hydrogen ion con- ganic matter, particularly high 


color. 


the corrosion. 3. Higher alkalinity, more especially 
4, The presence of high chlorides. in the presence of normal calcium 
Bo 5. High velocity with turbulence. carbonate. 
& _ 4, The presence of rust, films or pro- 
at led tective coatings on the metal sur- 
face. 


“a _ The conception of aggressive carbon dioxide, as developed by 
, Tillmans, is but little used today. Nevertheless, it affords a method 
of evaluating one agent of corrosion, namely, carbon dioxide as 
affecting films of calcium carbonate. 

In an article entitled “The Analytical Control of Anti-Corrosion 
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Water Treatment,” W. F. Langelier has proposed a formula for 
calculating the pH of any water at the saturation point of calcium 
carbonate. This article has been discussed at some length by De- 
Martini (6). The Langelier equation has been applied to many 
water supplies and it offers a means of calculating whether the pH 
of a given water is above or below the pH of saturation, which is to 
say whether a water tends to deposit or dissolve calcium carbonate. 
Unfortunately, this formula requires a complete chemical analysis of 
a water in order to provide the necessary data for its solution, and in 
many cases such a complete analysis is lacking. Moreover, if any- 
thing is added to the water, such as lime or other alkali, a change in 
chemical constituents is brought about, and another complete analy- 
sis is required. Apparently every change in treatment requires a 
new analysis. It would appear that this method is too cumbersome 
for ordinary control of chemical corrosion treatment. This formula 
does not directly take into account the oxygen, or organic content 
of the water, does not predict the treatment necessary, and, therefore, 
should be considered only in connection with the formation or lack 
of formation of calcium carbonate deposits. It appears that Hoover’s 
modification of the marble test is superior for practical use. 


PRACTICE IN THE FEDERAL WATER SERVICE SYSTEM S-& 


The methods of water conditioning for the control of corrosion — 
which have been employed in the plants of the Federal Water Service 
Corporation are very largely based on the work of Hoover and Baylis. 
These methods consist in the addition of alkalis with a view to pro- 
ducing and maintaining a protective coating (or film) or calcium car- 
bonate on the surface of the metal which is exposed to the action of 
the water. Unfortunately, such treatment does not usually remove 
old deposits of scale and tubercles, but simply tends to coat them with 
a film so that the carrying capacity of the pipe is not restored. 

There are approximately 130 water systems comprising the Federal 
Water Service System and a somewhat larger number of individual 
supplies. Forty-one supplies are definitely treated for the prevention 
of corrosion. There are 44 filter plants of various types, 35 of which 
employ methods for the control of corrosion. In the case of 5 
zeolite softening plants in this system no treatment for the control 
of corrosion has been found necessary as yet. In the case of 3 lime- 
soda softening plants the output is practically in chemical balance as 


regards calcium carbonate. Five well supplies on Long Island are’ 
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treated directly with lime without sedimentation or filtration, and 
it is believed that this practice will be extended to a number of similar 
soft well waters. Unless the hardness of a water supply is 30 p.pm, 
or higher, the use of sodium compounds is not recommended because 
all sodium compounds are soluble and cannot be expected to form, 
protective coating except by inter-action with calcium. 

Alkali treatment for the control of corrosion may be employed in 
two ways: 
Treatment for the control of red water. 
_ 2. Treatment to produce a protective coating, =| 

In many plants it has been found that consumers’ complaints of 
red water can be practically eliminated by treating to a pH of 8,0 
to 8.2, as indicated in reaction (1). Nevertheless, it has been the 
writer’s practice to determine the calcium carbonate equilibrium point 
for each water under consideration, and this point will generally lie 
between pH 8.0 and pH 9.6, the latter being approximately the 
point at which all bicarbonate is converted to normal carbonate 
(reaction 2). 


200; + Ca(OH), = Ca(HCO), 


water 
bie Ca(HCO,): + Ca(OH), = 2CaCO; + 2H: jo 


_ In the case of soft well waters which are high in free carbon dioxide, 
the addition of lime results in the formation of calcium carbonate and 
bicarbonate, and in many cases a sufficient quantity is formed to 
secure equilibrium in spite of the fact that the original alkalinity may 
have been very low. In the case of soft waters low in free carbon 
dioxide, Hale (7) has shown that it is not practical to secure the cal- 
cium carbonate equilibrium point by the addition of line, but that 
the presence of a moderate amount of causticity will furnish a good 
measure of protection against corrosion. Free carbon dioxide will 
dissolve calcium carbonate, as in the case of a protective coating 
already laid down. ; 


Yo CaCO; + H.O + CO; = Ca(HCO;): 
The method of treatment most generally used in rt Federal Water 


Service System is the addition of lime, although, in a few instances 
of high hardness, soda ash or caustic soda is employed. The writer 
has had no practical experience with silicates. In the case of gravity 
filter plants the alkali is generally applied to the clear well. In the 
case of pressure filter plants the alkali may be injected into the filter 
effluent or may be added to the raw or settled water, if this can be 
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done without interfering with coagulation. In the case of soft well 
waters the lime may be fed into the pump suction or forced into the 
discharge. Certain waters which contain large amounts of free 
carbon dioxide are first aerated, after which lime treatment is applied. 
In spite of the fact that this aeration results ip the absorption of a 
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large amount of dissolved oxygen, it has been assumed that iit 
ing the calcium carbonate equilibrium point would result in the pre- 
vention of serious corrosion. It may be stated with considerable 
certainty that the treatments so employed have greatly ne red 

water complaints in cold water systems. pie 
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DETERMINING CALCIUM CARBONATE EQUILIBRIUM POINT 


_ The general method which we have used for determining the ¢gj. 
cium carbonate equilibrium point of any particular sample of wate 
is illustrated in fig. 6. It is an elaboration of the method proposed 
by Hoover (8). The alkalinity and pH of the water are first deter. 
ad mined. The sample is then distributed in 250 cc. portions in a series 
ae of glass-stoppered bottles. The first portion is reserved for a blank 
_ and increasing quantities of a known suspension containing 1 gram 
per liter of commercial hydrated lime are added to the other portions 
B in the series. The samples are thoroughly mixed, and the alkalinity 
and pH of each treated portion in the series is determined and re. 
_ corded. All portions, including the blank, are next treated with 
about 5 grams of powdered calcium carbonate and are allowed to 
stand 24 hours with occasional agitation. Each portion is then 
= 4 filtered rapidly and the alkalinity is again determined. The dif- 
ae ference between the alkalinity of the calcium carbonate treated sam- 
- 24 ple and the same sample immediately after lime addition is called the 
“alkalinity difference,” and it will be positive or negative, depending 
on whether the sample is undersaturated or supersaturated with 
a _ calcium carbonate. An alkalinity difference of zero, as determined 
ie graphically, indicates the point where the water is just saturated 
and hence corresponds to “pHs” of the Langelier equation. The 
information secured from this experiment is directly applicable to 
: plant scale operations. Theoretically, lime treatment should be held 
an ie , at a pH somewhat above the equilibrium point in the beginning and 


. 
= = reduced to the saturation point. shed 
EVIDENCE OF SUCCESS OF TREATMENT 


‘The actual results accomplished by the various methods of condi- 
tioning domestic water supplies for the control of corrosion are not 
as well established as we wish. As stated before, the water works 
I icyou is usually satisfied with a cessation of complaints on the 
part of consumers and the disappearance of red water throughout 
the distribution system. Several observers have reported that sec- 
tions of pipe cut out of the distribution system have shown a definite 
a lime coating when treatment was satisfactory. A common method 
of estimating the results of lime treatment is from the appearance of 
tapping discs cut out of the mains. In addition to these field 
methods, laboratory tests are frequently carried out by immersing 
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specimens of iron or steel in bottles of treated water, but such results 
are not to be relied upon unless carried out under the most stringent 
controls, and even then it is doubtful whether they parallel conditions 
osed within the pipe lines. 

Failing to find any reference in the literature to actual cases where 
sections of mains have been arranged for routine inspection to 
ank estimate the benefits of corrosion control treatment, Mr. Wiggin and 
the writer have taken advantage of an opportunity to conduct experi- 


ions ments on certain pipe lines in a plant using Lake Erie water. The 
ity experiment has been conducted in connection with a program of main 
re cleaning, the principal problem involved having been to determine 


‘ith whether lime treatment of this water would protect newly cleaned 
sections of the mains from further tuberculation and whether protec- 
tive coatings can actually be deposited in accordance with theory. 
lif It should be emphasized that this experiment has not been carried 
m far enough and is not far reaching enough so that general conclusions 
the may be drawn, and it is only being presented at this time in the nature 
ng of a progress report. Additional work along these lines covering 
ith a wide range of water supplies of varying chemical characteristics is 
ed highly desirable. 

. RESULTS OF CHEMICAL TREATMENT id 
to 

Id 

id 


The water supply involved in this experimental work is taken from 
Lake Erie, about 4,000 feet from shore, and is subjected to purifica- 
tion in a rapid sand filter plant of modern design employing alum 
for coagulation and ammonia-chlorine for sterilization. 

The characteristics of the raw and filtered water before lime treat- 
ment are shown in table 1. 

It will be noted that this water supply is moderately hard and prior 
to filtration is very nearly in equilibrium as regards calcium car- 
bonate. This is a type of water which would be classified as quite 
passive in its action on cast iron pipe. Mr. Wiggin has given the 
e economic reasons why cleaning of certain of the transmission mains 
in this system was highly desirable. In anticipation of the cleaning, 
lime treatment of the filtered water was commenced on January 21, 
1937, and has been continued to date. Repeated determinations of 
the equilibrium point of this water showed it to be rather con- 
stantly at pH 7.95. Lime has been applied with a view of maintain- 
ing this figure, the average obtained being 7.89. Variations from 
this figure have been slight. As a matter of fact, it is impossible to 
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d a pH of 8.0 on this water because softening commences to 
take place with precipitation of calcium carbonate from solution, 
_ The amounts of commercial hydrated lime necessary to produce the 


desired pH have varied from monthly averages of 27 Ibs. (summer) 
_ to 60 Ibs. (winter) per million gallons. From January to August 
ett heavier doses of lime were used than in the succeeding 
months of the year with a view to establishing a definite coating 
es : 7 the mains. As a matter of fact, it was noted in June that the 
interior of open tanks and standpipes showed a white deposit, and 


a TABLE 1 

ed (Results in p.p.m.) 
RAW FILTERED 
Sodium and Potassium (Na)....................... 3.8 5.9 
Total dissolved solids..................--.6.0..05: 157.3 155.6 


* The pH of the filtered water varies from a minimum of 7.1 in winter toa 


maximum of 7.6 in summer. 


similar deposits were reported from meters undergoing tests. Asa 
result of this, the quantity of lime applied was decreased slightly 
about the middle of August, and from that time to December the 


pH varied from 7.75 to 7.90. 


The main cleaning program was started in May and was com- 
pleted July 17. All during the time that the mains were being 
cleaned, lime treatment was continued without cessation. Nine 


sections of main were cleaned, three of which were 24-inch and the 


balance 16-inch cast iron. 
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Referring now tofig. 1 accompanying Mr. Wiggin’s discussion above, 
(the diagram shows the coefficients which have been obtained) it will 
be seen that figures around 92 to 95 were secured on the 24-inch pipe 
before cleaning, and figures from 124 to 140 were secured after clean- 
ing. On the 16-inch lines the coefficients before cleaning ran between 
82 and 95, and immediately after cleaning from 135 to 140. Observa- 
tions of coefficients have been made on all these lines at intervals of 
approximately three months since cleaning, and it will be noted from 
the diagram that these coefficients have declined notably in a period 
of only six months. On the 24-inch pipe the loss has not been very 
great, the coefficients in November and December showing 131 
to135. In the case of the 16-inch, the decline has been very marked, 
in one instance the coefficient having reached a figure of 96, and the 
highest coefficient after six months of operation was 127. 

Ninety days ago, an inspection of three of these pipe lines was made 
by Mr. Wiggin, the writer, and others, to determine what was taking 
place inside the mains which was causing this decline in carrying 
capacity. On the 24-inch pipe line near the pumping station the 
uncleaned portion showed a grayish coating with rust spots showing 
through. Tubercles up to }-inch diameter were sticking through the 
gray coating, particularly along the bottom of the pipe. The cleaned 
section of the pipe did not contain as good a gray coating, and there 
were many more tubercles of smaller size extending uniformly around 
the surface. 

Two sections of 16-inch pipe were inspected, and here again the 
uncleaned portion of the pipe showed a gray coating. This coating 
was quite good and definitely covered old pipe scale and some of the 
tubercles, although a few tubercles showed red through the coating. 
The cleaned sections of these pipes showed little evidence of lime 
coating, and even when visible this was thin with rusty surfaces show- 
ing through. The entire inside surface of the pipe was speckled with 
small tubercles which appeared to be in the process of growing larger. 

It should be emphasized that regular routine tests for pH and total 
iron have been carried out at monthly intervals for a period of months 
while this experiment was going on. These tests show very definitely 
that the water delivered to the extreme ends of the distribution 
system has retained a pH practically identical with that delivered 
from the plant, and the iron, which averages about 0.05 p.p.m. at 
the plant, showed no increase whatever through the distribution 
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i = at this plant either before or after treatment for corrosion, 


SUMMARY OF EXPERIMENTAL EVIDENCE 


As stated before, it is felt that the drawing of definite conclusions 

_ at this time would be decidedly premature, but it is possible to make 

ie few generalizations. In spite of its limited scope, this experiment 
demonstrated: 

1. That corrosion can take place without the production of any 
red water and without any increase in the iron content of the water 
in the distribution system. 

2. A coating can definitely be laid down in these pipes by lime 
treatment. This coating spreads over the surface of old scale, but 
corrosion seems to be still going on within the tubercles. An analysis 
of the protective coating indicates that it not only contains calcium 
carbonate, but also very considerable amounts of iron, alumina, and 
silica, which suggests a complex silicate. 

3. No control section of new pipe was available during these experi- 
ments, so there is no evidence as to whether or not the lime treat- 
ment was instrumental in retarding the rate of tuberculation. 

4. Mains which have been mechanically cleaned corrode much 
more rapidly than those which have not been cleaned. For some 
reason chemically induced coatings were absent or very poor in the 
cleaned sections of the pipes. The length of time for the coating to 
form in the uncleaned pipe was about 12 months as against 6 months 
for the cleaned sections. 

5. The use of sufficient lime actually to produce a precipitate of 
calcium carbonate in the water delivered to the mains has not been 
tried. Such a treatment would produce turbidity and might readily 
cause severe scaling of hot water pipes, meters, and perhaps the mains 
themselves. 

The experiments are to be continued. ovata 
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- - to solution; in other words, the products of corrosion appear to be 
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CALCIUM CARBONATE UNITS AND CORROSION CONTROL 


I. M. Guace. As an introduction to the discussion of corrective 
treatment of water by passage through limestone or marble contaget 
ee beds, it seems desirable to indicate the scope of the paper and to 
ate x, clarify our ideas so that we may limit our discussion to this one phase 
of the problem. 
: Let us remember, therefore, that we are not concerned here with 
pa corrosion except as it applies to water works, and then only with 
a internal, as opposed to external, deterioration of pipes; and that, 
i - for further limitation, we are not to discuss such important matters 
=e as permanent linings for pipes, or resistant alloys, or cement-produet 
oe pipes, but are to confine ourselves to that portion of the field known 
- as corrective treatment. This leads us naturally into the province 
__ of the actual operator or superintendent who, regardless of how much 
a _ or how little he may be interested in other phases of the problem, is 
faced with a very specific one which may be somewhat loosely defined 
a that of carrying new water in old pipes. His difficulty is that of 
' keeping good water good, and of delivering—not from the plant but 
Ae from the taps—a water of satisfactory quality. 
_ Even when thus limited to a discussion of corrective treatment, 
the problem is anything but simple. The wide range in the quality 
of the raw waters of the United States, and the necessity of selecting 
and varying the treatment to meet these conditions, is a problem in 
itself of sufficient magnitude without introducing other factors. It 
is desirable to keep these limitations in mind in a review of the article 
and to understand that it is concerned, primarily, only with operation. 

Let us suppose that some fortunate superintendent were retained 
to operate a completely new installation with a thoroughly modern 
filter plant, or a gravity supply adequately designed and equipped for 
corrective treatment,—a very rare circumstance,—with a new system 
of pipes and service lines, and a population which had no prior 
conception (or misconception) of the quality of the water to be dis- 
tributed. There seems to be little doubt that a well-informed opera- 
tor under these conditions could produce a water which would be 
practically non-corrosive, non-tuberculating, generally palatable, and 
satisfactory to the consumers. 

The average superintendent, however, faces a vastly different set 
of conditions. Even when he is provided with a new source of supply, 
he still is required to discharge the treated water into an existing sys- 
tem of pipes composed of a miscellany of materials usually consisting 
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of cast iron mains already seriously tuberculated or corroded, and 
to which may have been added recent extensions of cement lined or 
cement product pipe. The domestic service lines are of iron, steel, 
zinc, lead, brass, copper, and possibly other materials. It is his 
problem, nevertheless, to produce, at the taps, a good water from 
this old system. 

This he must do, moreover, without seriously increasing the hard- 
ness of the water, without the deposition of interfering chemicals on 
the mains and meters, without producing caustic tastes, or red water, 
and without the deterioration of certain services to the advantage of 
others (1). Under normal conditions his method of treatment must 
of necessity be something of a compromise. 

Considerable data on corrective treatment have already accu- 
mulated, with more to come, somewhat to the confusion of the aver- 
age superintendent. From the welter of information available, one 
fact, however, seems to be rather generally accepted—that, when 
natural limestone waters are carried in pipe lines from the day of 
installation of such lines, the: coefficient of friction is not sharply 
increased and carrying capacity not severely reduced even after 
long periods of service; tuberculation and corrosion are relatively 
non-existent; such lines do not produce red water and laundry stains, 
and the consumers are generally satisfied with the product. The 
long life of cast iron pipes in certain locations illustrates this fact. 
The low aggressivity of limestone waters can hardly be disputed (2). 

It is this fact that has directed the attention of the author and his 
associates to the possibility of producing, artificially, a corrected 
water simulating natural waters of low aggressivity. 

Modern practice in water works, however, calls for a water which 
not only will be non-corrosive, but which also will be economical 
in the use of soap and in the production of hot water and steam. 
From this it would appear that the problem is not so much how to 
obtain a non-corrosive water, but rather to obtain one, the mineral 
content of which will serve as a substitute for or a supplement to the 
carbonates and bicarbonates of the alkaline earths responsible for 
this lack of aggressivity. 

Apparently the most common form of treatment for correction, 
under present day practice, is the application of hydrated lime 
through dry-feed apparatus. Slaked lime and soda-ash, as well as 
caustic soda, are likewise often employed for the same purpose. Al- 
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_ though theoretically and-under proper control, treatment with lime 

_ in hydrated form involves fundamentally the same chemical reactions 
‘* does treatment by passage over marble or limestone beds, certain 

_ phenomena have been observed recently which have been subjeets 

_ of considerable discussion. We refer, first, to a progressive reduction 


: ‘ in pH between that point where water, lime treated, enters the dis. 


mains and service lines immediately after correction is begun. 
- On neither of these two observed conditions has much been written, 
Concerning the former, and the reasons for the drop in pH, the only 
reference so far located is that of Hopkins (3) who claims that failure 
to apply sufficient lime to produce saturation in the treated water will 
result in such a decrease. The theory has been advanced, apparently 
originally by Enslow, that such a decrease may be attributed to the 
production of carbon dioxide through decomposition of organic 
deposits in the lines. Without any attempt to discredit the possi- 
bility or probability of this cireumstance, our observations lead us 
to believe that this reaction is commonly not responsible. It is of 
interest that at Dillsburg, Pa., where the only treatment provided is 
passage through limestone, and without chlorination, such a drop in 
pH does not occur. If any change has occurred it has been as an 
increase, rather than a decrease, which increase cannot be attributed 
to the same cause as that responsible for the well-known increase in 
dead ends and unused service lines. 

As for sloughing, there is a similar dearth of information. Todd (4) 
has commented recently on the inadvisability of a sudden increase in 
pH because of the probability of such sloughing and the production 
of excessive red water conditions. Norcom, however, in correspond- 
ence with the writer, states that in his wide experience in many loca- 
tions, such sloughing is unknown. Radcliffe, at Elizabeth, N. J., 
claims to have observed this phenomena, as has the author at Royers- 
ford, Pa. (5). More recently at Dubois in the same state, he has 
observed what was, apparently, a similar reaction. Hale (6) makes 
some mention of this occurrence in tuberculated pipe in his paper 
describing his extensive experiments on corrective treatment for 
service lines in New York. It thus seems possible that discredit 
may have accrued to calcium carbonate equilibrium as a proper con- 
trol test for corrosion because of disturbances which have followed 
treatment with lime, with subsequent sloughing and excessive red 
water complaints. 
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Passage of water through limestone or marble on. plant scale in- 
volves essentially the same reactions as those of the so-called marble 
or equilibrium test. A portion of the calcium present in the stone 
in the form of carbonates is dissolved by the carbon dioxide present, 
and goes into solution as bi-carbonates. There is an increase in the 
pH, and an increase in alkalinity and hardness similar to that which 
occurs when calcium carbonate is placed in a bottle and shaken. 
ion The major differences in the, two processes are due to the relative 
sizes of the two mediums, the naturally wide differences in the tem- 
en. peratures of the water being treated, and the dissolving of other 
aly impurities in the stone used for treatment. Basically and from a 
chemical standpoint, the process, on plant scale, is simply the marble 
test not carried to completion, because of the shortness of the contact 
time so far provided in existing works. 

The efficiency of this process is dependent upon a number of factors 
iy including, as just stated, the size of the contact particles and the 
s]- temperature of the water. Other principal factors are the carbon 
us dioxide content of the raw water and the alkalinity or other dissolved 
of minerals present in the untreated water. 
is The effect of the size of contact particles is well illustrated by com- 
in 
ad 
in 


parison of the customary marble test against full scale practice. 
When finely divided and pure calcium carbonate is added to an under- 
saturated water, the changes in pH and alkalinity are quite rapid 
and can be measured in minutes. When coarser material is used, 
the contact area is greatly reduced with the same weight of material, 
4) and the reactions are much slower. Cox (7) states that, according 
in to Tillmans, the speed of reaction for say }-inch stone is twice that 
n of stone of 3-inch size. 

1 The effect of temperature is likewise very marked in this as in 
\- most chemical reactions, being slower in the cold than in the hot. 
) Again, for example, the reaction at 20°C. is approximately twice 
that at 10°C. 

8 Concerning CO, and alkalinity, Cox fixes the limits of the raw 
8 water for the process at about 50 p.p.m. of alkalinity and 30 p.p.m. 
iT of carbon dioxide. Above these limits, he concludes, the reactions 
r would be so slow as to make the removal of CO, not economically 
it feasible. We feel there can be very little dispute with these figures, 
- and that the value of limestone or marble contact beds will be greatest 
d for those waters and supplies with low consumption, low alkalinity, 
d and appreciable carbon dioxide content. 

There are a great many supplies in the United States which fall in 
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this classification. In central and eastern Pennsylvania alone the 
number probably is in excess of one hundred. These waters have 
rather high carbon dioxide content at the point where they emerge 
from the earth, a very low and sometimes negligible alkalinity, and 
practically no hardness. In quality they approach that of distilled 
water except for the CO, content. Such water naturally is either 
corrosive or tuberculating or both. The intakes of these supplies are 
usually remote from the center of the distribution system. Powers 
not available at the site for the operation of dosing apparatus and 
quite often capable attendants for such apparatus are not to be had 
at the site of the intake. The question of proper and adequate super- 
vision is, therefore, a severe one, particularly for the smaller supplies 
which, moreover, are further handicapped by their inability, from 4 
financial standpoint, to retain on their staffs for full-time service the 
necessary technical assistants for proper adjustment of the chemical 
dose. 

Aeration of these supplies is not completely satisfactory since, even 
with effective sprays, the residual 3 to 5 parts of COs, after aeration, 
in such an unbuffered water would still be aggressive. Under hydrau- 
lic conditions of many layouts, sufficient head is not available for 
aeration without the installation of pumps. 

The supply of the Dillsburg Water Company of Dillsburg in south- 
eastern Pennsylvania is typical. The average 24-hour consumption 
is about 40,000 gallons; the hardness and alkalinity are not ove 
10 p.p.m., and the CO, content is from 20 to 30 p.p.m. All of the 
water is of spring origin, with no surface run-off. Water is served by 
gravity from sources in the sandstone formation of the Appalachian 
Mountains, which generally produce water of exceptional quality 
from the forested section of the state. The water is of such clarity 
as not to require filtration, even when taken directly from the streams 
without the benefit of subsidence in impounding reservoirs. 

At the present time, so far as is known, there are only two full 
scale plants of this type in the United States, so that, as yet, definite 
determination as to the value of the process cannot be made. These 
are located at Dillsburg, just mentioned, and at the Creedmor 
Division of the Brooklyn State Hospital which is located on Long 
Island about 15 miles east of New York City and which was designed 
and installed by the State of New York. At Creedmor, marble is 
used for contact and at Dillsburg, limestone. The former plant has 
been in service about three years, and the latter for one year. In 
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hoth cases the contact beds are constructed of concrete with appro- 
priate over and under baffling for distribution. 
EXPERIMENTAL PLANTS ood 


There is on record, however, a considerable amount of data on 
experimental plants, particularly that assembled by Cox whose 
excellent paper on the subject appeared in the November, 1933 issue 
of the Journal of the A. W. W. A. (7). In this article, he describes 
laboratory work on a number of waters, and field experiments on a 
larger scale, using both limestone and marble. He also makes men- 
tion of several foreign installations, particularly one in Germany 
which has been treating a relatively large volume of water for a 
number of years. Ryon’s paper on the Creedmor plant (8) and those 
of the author on Dillsburg (9) (10), have appeared in Water Works 
and Sewerage. It should be remembered, also, that every marble 
test is, in effect, an experiment on this process. 

Ryon, commenting on the Creedmor installation, states that the 
treatment has resulted in a material reduction in red water and has 
eliminated the complaints regarding stains on laundry work. At 
Dillsburg, even more satisfactory results apparently have been 
secured, possibly because of a somewhat longer retention period in 
the contact basins, and a greater decrease in carbon dioxide. All 
complaints of red water have ceased, iron tastes formerly noticeable 
have disappeared, and general satisfaction with the quality of ms om 
finished water has been expressed by the consumers. 
OBSERVATION AT DILLSBURG 

At Dillsburg, control has been exercised mainly through pH deter- 
minations, because of their ease and simplicity, and further because 
check determinations have indicated that the alkalinity and hardness 
figures follow closely the rise in pH, and a comparable reduction in 
CO». This rise, in both plants, has been rapid in the first half hour 
of contact, after which the curve of increase has flattened out con- _ a 
siderably, evafirening the results of the work of Cox. Inneithercase _ 
has the contact been sufficiently prolonged to carry the reactions to ee 
completion, a point which seemingly would indicate equilibrium. . 

At Dillsburg, one of the unexpected results of the treatment has — am 
been the increased clarity and sparkle of the treated water as com- te 


mo with the Taw. This change has been very pronounced despite 
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the unusual quality of the water delivered from the springs which 


the source. 


Another occurrence at Dillsburg, the reasons for which are not 
yet clear, has been the slight but continued increase in the pH figure 
_ in the receiving reservoir after contact in the limestone bed has been 

completed. This has averaged about 0.2 during the past summer, 


if d _A very slight increase in alkalinity and hardness has also occurred, 
_ Data on this reaction is not available for the Creedmor plant. 


_ Costs of operation of the Dillsburg plant have been negligible, 
After a year’s operation, no new stone for replacements has as yet 
become necessary. It seems probable that efficiency can be main- 
tained for several years without the addition of new material. The 
loss of weight from the stone, through the dissolving action of the 
water, seems to be comparable to the weight of the material which 
naturally would have to be applied through dosing apparatus to 
effect the same increase in pH and alkalinity. 

The advantages of limestone or marble contact beds, as compared 
with other forms of treatment, including aeration, are simplicity 
and economy in operation, practically automatic chemical control, 
an increase in calcium content for very soft waters, and the impossi- 
bility of overdosing under any conditions. To these may be added 
(subject to later confirmation) an increased clarity and sparkle, and 
a generally improved appearance of the treated water. 

The disadvantages are initial cost of installation, particularly for 
the larger supplies, and the lack of sufficient contact to produce 
complete equilibrium or saturation without extremely long contact 
periods. 

Although this form of treatment seems to offer most promise for 
small water supplies, under certain conditions it may be of value to 
larger ones, for instance, as a sort of roughing process preliminary to 
more refined treatment and one permitting adjustment of the pH and 
alkalinity to a higher value. Passage of an unbuffered raw water 
through a limestone or marble bed, with even a short contact period, 
would certainly stabilize the chemical constituents to a considerable 
degree, and would make less difficult the problem of maintaining 4 
definite equilibrium. It is possible also that this method might 
result in a reduction of costs for chemicals because of the inexpensive 
ness of the only partly processed limestone. This method would 
seem to have particular value for those well supplies where chemicals 
are now being applied to closed systems, a not unusual treatment 
along the Atlantic seaboard. pai 
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‘ Mills (12) shows, also, rather definitely that dental caries (tooth 
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There seems to be an opinion among laymen and physicians that 
hard waters are not particularly conducive to health and may in 
fact be responsible for such diseases as gall-stones, kidney trouble 
and other afflictions. Negus (11) recently has stated that no reliable 
evidence has been presented to confirm this opinion and that, on the 
reverse, the body requires calcium. A paper of Dr. Clarence A. 


decay) is less prevalent in those communities using limestone waters 
than in those dependent on soft waters. It seems, therefore, that 
except from an economic viewpoint (saving soap and decreasing 
boiler incrustations) treatment of water with limestone and the 
resultant increased hardness are not to be considered as entirely 
undesirable, but on the reverse, may be of advantage. = 

Protective linings for metal pipes are not a new thing, but in recent 
years much discussion has been given to the coating of pipe in place. 
This practice is certain to increase. Regardless, however, of how 
successful the efforts of water works men may be on this phase of the 
problem for the protection of street mains and laterals, there will 
still remain for the operator the correction of water carried through 
house services. If deterioration of such services is not controlled, 
complaints on the quality of the water served will not cease. 

In a recent issue of the Journal of the A. W. W. A. (13), reference 
is made to a seeming difficulty or discrepancy in determining CO, 
content, particularly in low concentrates, and some doubt has been 
thrown on phenolphthalein as an indicator. The author and his 
associates have observed the same difficulty and are attempting to 
determine the cause or causes for this seeming inexactness. 

In conclusion, it might be well to emphasize again the purpose of 
corrective treatment. If this is to be simply for the removal at 
aggressive carbon dioxide and the elimination of red water and laun- 
dry stains, then, apparently, this can be secured with certain waters _ 
by limestone contact at a reasonable cost. If, however, complete — 
equilibrium i is haan” with the formation of a protective carbonate 


permit the iuiciten of greater quantities of calcium carbonate. 
is illustrated by the time periods set forth by Baylis and Cox. Si 
has shown that, under best conditions with pure powdered calcium | a 
carbonate, full saturation cannot be secured in less than6to8hours. 
Cox, on the other hand, has found that aggressive carbon parr : 
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can be removed by contact with marble or limestone chips in less 
than $ hour. This low time contact has not been confirmed in fyll- 
scale treatment, probably because of the differences in temperature 
of natural ground waters and that of laboratories, and further 


because, possibly, of differences in size of aggregate. But apparently 


aggressive water. 

It is interesting to note that at San Francisco experiments are 
being conducted on the direct application of calcium carbonate pow- 
der for the correction of a low alkalinity water. The results of these 
experiments should be of interest to the water works profession, 

The author gratefully acknowledges, on this study, the assistance 
and advice of Colonel F. E. Daniels and D. Paul Rogers, Chief 
Chemist and Senior Chemist of the Pennsylvania Department of 
Health at Harrisburg, and John J. Shank, Director of the Wayne 
Laboratories, Waynesboro, Pa. ry 10) again] 
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2 to 3 hours contact in the field will be sufficient to produce a non- 
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CORRECTING CORROSIVITY OF ZEOLITE SOFTENED di 


WATERS 


D. E. Davis. Some zeolite treated waters have proved corrosive, 
while others have been used in communities for years without causing 
“red water” or similar complaints which are usually associated with 
corrosion. 

Baylis (1) and Langelier (2) have contributed in a fundamental 
way to our knowledge of corrosion, and the value of Prof. Langelier’s 
“Saturation Index’”’ as a measure of the corrosivity of a water has 
been extensively checked by a group of observers in California as 
recently reported (3). It is a particularly valuable tool in corrosion 
study. It furnishes what is believed to be a sufficiently accurate 
basis for judging the corrosive quality of a water, and it seems to 
warrant use in predicting the action of a given water in a pipe dis- 
tribution system. 


THE LANGELIER SATURATION INDEX 


Essentially this index is based on the knowledge range er 
saturated with calcium carbonate will not dissolve existing lime 
deposits and will not deposit lime of itself. Normally such a water 
will not be corrosive, and its index is given as 0.0. An under- 
saturated water carries a minus sign while an oversaturated water 
carries a plus sign, signifying its capacity to deposit a calcium car- 
bonate film and thereby protecting the metal against corrosion. 

The chemical background in the determination of this index is 
somewhat complicated, but given adequate data, the index may be 
quickly derived by consulting certain tables and curves. If the 
temperature, total solids, calcium, alkalinity, and pH of a water are 
known, it is possible to arrive at the pH of the water for a condition 
of complete saturation with calcium carbonate. The difference 
between this saturated pH (denominated pHs) and the actually 


observed pH gives the “Saturation Index.” 


CHEMICAL RELATIONSHIPS AS AFFECTING CORROSION 


It may be well to examine the general relationships among the 
chemical constituents entering into the determination of this index 
and the probable effect of their variations as applying to zeolite 
treated waters. The total dissolved solids and the alkalinity of a 


zeolite treated water will not be markedly different from those of 
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the raw water, and therefore these factors will exercise little or no 
influence in changing the condition of the untreated water as far as 
corrosion is concerned, 

Anything that raises the pH of the water may be expected to reduce 
its corrosive characteristics. The use of zeolite is largely confined 
to initially clean water which is usually ground water, and which 
usually carries CO: in solution. Aeration is effective in reducing 
CO, and raising the pH, and this procedure is used in a number of 
plants. 

A little appreciated capacity of some zeolites is their ability to 
absorb H ions directly so that the fully softened water and the mixed 
water may have a higher pH than the raw water (3) (4). If either 
or both of these methods of increasing the pH of the water are prac- 
ticed, the result will be the off-setting of the increase in corrosion 
which might otherwise be expected. 

There remains for consideration the calcium factor. It will be 
found that calcium plays the leading réle in rendering the fully soft- 
ened water more corrosive than the raw water. The employment of 
zeolite as a softening medium rests on its function in effecting an 
ionic exchange in which calcium ard magnesium (which impart 
hardness to water) are exchanged for sodium. - Naturally, in that 
part of the softening operation in which water of zero hardness is 
produced, the original calcium content of the raw water is reduced 
nearly to zero. 

The extent of the effect of a reduction in the calcium content may 
be better understood when it is observed that a change from 
130 p.p.m. in the raw water to 2 p.p.m. in the softened product 
requires an increase of 1.8 in the pH if the soft water is to be no more 
corrosive than the raw water was initially. From the foregoing 
considerations it may be freely predicted that the corrosivity of a 
given water will depend largely on the relationship between the pH 
and the calcium in the raw and the delivered product. hava 


EXPERIENCES IN VARIOUS COMMUNITIES 


In an effort to assemble statistical data for relating corrosion 
experiences to the chemical characteristics of various zeolite treated 
waters, letters were sent to representative water plants throughout 
the country, soliciting information. Many answers were inade- 
quate for calculation of the Saturation Index. In table 1 the im 
formation which was gathered is presented in statistical form together 
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with the calculation of the Saturation Index, where the data per- 
mitted. 

It may be reasonably assumed that corrosion was experienced or 
expected in all those communities in which treatment is given the 
water. For instance, it is reported that “red water’ appeared in 
New Bremen, Ohio, within two weeks after softened water was 
admitted into the mains, and that the situation was corrected by addi- 
tion of caustic soda to bring the pH to about 8.4. At Plymouth, 
Ohio, it is stated that complaints began to develop in about eighteen 
months after softening was started. At Bicknell, Indiana, there was 
an increase of pH during the softening period, but caustic treatment 
was still necessary. It will be noted that the pH of the raw water 
in those communities which treat their water varied from 7.1 to 7.4, 
and that after treatment the pH is reported to vary from 7.6 to 8.4, 
an average increase of 0.6. 

The experience of those communities in which no treatment is 
given the outgoing water presents some interesting aspects. At 
Ambridge, Pa., the pH of the raw well water is 7.1 and that of the 
outgoing mixed water is 7.2. The respective Saturation Indices are 
—0.65 and —1.1. No trouble was reported when raw, unsoftened 
well water was formerly delivered directly to the consumers although 
a Saturation Index of —0.65 might be expected to give some trouble 
on cold water lines. Even at 75°C., as experienced in hot water 
systems, the index would have been about —0.25 which might be 
corrosive, yet there were no complaints until about two years after 
softened water at 85 p.p.m. was delivered to the consumers. The 
explanation is found in the fact that the raw well water had a high 
content of manganese, averaging about 4.8 p.p.m., which had formed 
a coating on the mains and services, and probably on house lines, 
heating coils, and tanks. 

Some of this coating still persists on the mains in the older sections 
of the town although apparently it is looser than formerly and flushes 
out black from the hydrants. On the newer lines the flushing pro- 
duces a red water, indicating that the coating has been removed 
and corrosion is active. Plumbers report that toilet flushing fixtures 
“eat out” much more rapidly than formerly, and that hot water 

coils have corroded through after the internal coating has worn off. 
Complaints regarding red water are few and largely confined to homes 
on newer lines. Experiments developed that the necessary lime 
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required to correct the situation would have increased the hardness 
about 13 p.p.m. Caustic soda application for increasing the pH to 
inhibit corrosion has been considered. 

A somewhat similar but less pronounced situation obtains at Edge- 
worth, Pa., where the raw water pH has varied from 7.7 to 8.0, the 
mixed from 7.7 to 8.2, and the mixed water Saturation Index at 25°C, 
from —0.15 to —0.65. (Note rise in pH through softener.) The 
manganese in the raw water averaged about 0.8 p.p.m. and about 
0.1 p.p.m. in the finished product. No complaints from red water 
were received before softening, and there has been but one complaint 
since—that from a home in which a small zeolite softener carries the 
water to zero hardness. Hydrants which formerly, at flushing, ran 
a black stream for an appreciably period now show some black, then 
yellow, then clear up quickly. Cuts in old mains disclose small 
tubercules which are evidently not active. 

At Sewickley, Pa., the softened water was formerly delivered into 
reservoirs of several days capacity, where the water became “sta- 
bilized,”’ probably by losing some of its CO. and incidently any 
remaining traces of manganese. No corrosion troubles developed 

until later when a bypass was established between the rising main 
and the distribution system. Then complaints began, resulting in 
the application of caustic soda to give a pH of about 8.5. The facts _ 
speak for themselves: ame 


pH of Sewickley, Pa., Water 
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4 


Raw Mixed Town 
Mixed Water stored for several days in distribu- 


Mixed Water delivered directly to town......... 7.4 74° 7a 

Mixed Water after treatment with caustic soda for “ 


The difficulties which may develop when water of zero hardness is 
delivered to a system were exemplified by the experience of a local 
institution which employed the lime-soda process in the initial stage 
of its softening operation, followed by zeolite softening to zero hard- 
ness. Extensive corrosion on iron pipe, and red water troubles 
occurred. The water was so soft that the abundant soap suds could 
not be readily rinsed off the patients. No pitting or corrosion was 
observable in the steam boilers, since the additional treatment with 
an alkali counteracted the corrosive tendency of the soft water. A 
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‘calcium equilibrium test showed the soft water capable of dissolving 
a considerable amount of calcium carbonate, and the problem was 
adequately solved by mixing the lime-soda softened water with the _ 
zero zeolite water, resulting in a delivered product of about 4.5 | 

grain hardness. | 

Appelbaum states that zeolite treatment “does not necessarily — 
result in a corrosive effluent.’’ Well waters, free of oxygen, when — 
passed through pressure softeners usually remain oxygen free and — 
are not corrosive. In some cases, iron bearing waters leave deposits _ 
of iron oxide in the mains. This iron oxide is reduced and picked up — 
when soft water is introduced thus occasioning violent complaints. 
Aeration is sufficient to bring about a correction. 

An examination of table 1 will reveal that comparatively little 
complaint about corrosion is reported as long as the Saturation Index 
is less than about —0.6. Dead end corrosion complaints develop at — 
a slightly higher pH; general complaints may be expected when the —sT 
Saturated Index exceeds —1.0. This follows the experience of the _ 
California observers (3), and tends to confirm the value and useful- — 
ness of the Saturation Index as a criterion of corrosion. 

While an index less than —0.6 may protect against red water 
complaints, yet, as pointed out by Baylis (1), tuberculation and loss 
of carrying capacity in iron pipes may still go forward. Corrosion 
itself is probably chiefly affected by oxygen in solution, and protection _ 
will be afforded only by its complete removal (5), or by the building _ 
of a protective film on the surface of the metal. A question of 
policy is here presented: If the water leaves the plant fully saturated, 
the mains may be protected against corrosion, but the hot water 
systems may build up excessive scale; while if the water is treated 
so that there is no deposition of scale at 75°C., the mains may suffer. 
You can’t have your cake and eat it—a choice must be made. Balti- 
more’s experience indicates that economy lies in the direction of the 
first alternative. 

Obviously since an increase in pH of the plant effluent will reduce 
corrosive tendencies, it will be wise to aerate the water where the raw 
water carries a considerable amount of CO». For similar reasons it 
may prove advantageous in some cases to use a type of zeolite which 
absorbs H ions, thus increasing the pH of the delivered product. 

The more customary procedure is that of raising the pH by the 
addition of soda ash, or caustic soda, or the latter in conjunction with 
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sodium silicate. The choice would be largely determined by cost and 
convenience. Caustic soda is convenient to handle and increases the 
pH without affecting the hardness. The Permutit Company recom- 
mends “about §¢ pound of sodium silicate per thousand gallons.” 
This builds a coating on the mains and seems to prevent the breaking 
loose of old deposits. 

There are no communities reporting correction by the use of lime, 
probably because of fear of trouble from after-precipitation of calcium 
carbonate. While lime would add calcium and also raise the pH, 
it would probably increase the cost of softening, since the customary 
admixture of hard and soft water would have to be changed, requiring 
more soft water, less hard water, and the addition of lime to produce 
a comparable end product 

Having chosen the Saturation Index to which it is proposed to 

treat the final effluent, it is possible to experiment with different 
corrective chemicals, and by analytical methods to determine the 
most convenient or most economical procedure without resorting to 
the laborious calcium carbonate equilibrium tests. By the use of 
these methods and with the aid of a small pilot zeolite softener, the 
best overall design for a new plant can be accurately determined. 
; The Langelier Saturation Index is a valuable tool in determining 
the corrosive quality of a given water. Calcium and pH are the two 
factors exercising the greatest influence in affecting corrosion in 
zeolite treated waters. The ionic exchange of calcium for sodium in 
zeolite softening tends to make the softened water more corrosive 
than the raw. This may be offset by increases in pH due to aeration 
(and loss of CO) or to direct absorption of H ions in the zeolite. 

Waters with a Saturation Index less than —0.6 seldom occasion 
“red water’ complaints; although tuberculation and loss of carrying 
capacity in mains may still go forward. In some cases previous 
coatings in mains may postpone the appearance of corrosion and red 
water. Minus indexes above about —0.6 will require treatment with 
soda ash or caustic soda (sometimes combined with sodium silicate) 
to raise the pH and thus prevent red water. For protection of carry- 
ing capacity in mains, a positive index will be required, providing 
for the building up of a slight calcium carbonate coating. 

Grateful acknowledgment is made to those who responded to 
inquiries and Mr. H. M. Olson who supplied some of the informa- 
tion for certain Ohio and Indiana communities. ontibhy 
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Bt EXPERI EN CE WITH ZEOLITE WATER PLANT 


_-H.M. Otson. In checking on the operations of a municipal 
zeolite water plant a study should be made of the CaCO; stability or 
chemical equilibrium so corrections can be made to overcome any 
possible corrosion or red water difficulties. 

In order that information could be available we ran a set of tests on 
Rittman, Ohio water using varying amounts of soft and hard water 
so as to provide tap waters ranging from 0 to 130 p.p.m. by ranges 
of 10 p.p.m. increases. It was found that the tap water ranging from 
40 to 90 p.p.m. was in chemical equilibrium, below 40 p.p.m. under- 
saturated, and above 90 p.p.m. oversaturated. It would be possible 
to supply tap water of 10 to 20 p.p.m. by adding alkali to maintain 
higher pH rather than to supply water of 62 p.p.m. as is done now. 
In many of the zeolite operated plants in Ohio, Pennsylvania, and 
Indiana in waters of approximately 60 to 85 p.p.m. hardness in the 
effluent, it has been found that 7.7 to 7.8 is the proper pH to give 
chemical equilibrium in the water and protect the system against 
corrosion and red water troubles. 

In communities where considerable manganese deposits have been 
laid down in the piping systems, it has been found that no troubles 
due to red water have been observed due to the imperviousness of the 
dense hard manganese coating. At Sewickley, Pennsylvania, with 
manganese ranging from 2 to 2.5 p.p.m. it was 7 years before first 
red water appeared. And then an alkali solution feed was installed 
to raise the pH to 8.3. It formerly had been around 7.4. 

All except one of the municipal zeolite plants in the central states 
area now have simple alkali feeds used to maintain the proper pH. 
No red water trouble is now being experienced. It is my opinion 
that a zeolite system should be run undersaturated until scale in the 
piping system has been dissolved and then CaCO; correction made 
to protect the pipe so that the full diameter of pipe can be utilized 
to the best advantage. 

Most all of the state Departments of Health which approve plans 
for treatment plants now insist on some form of alkali feed to give 


proper pH control. 
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ACCOMPLISHMENTS WITH CHLORAMINATION 


Waiter ACKERMAN. To secure an adequate water supply, 
f satisfactory for human consumption as well as for industrial uses, — 
j and to supplement the growing needs of the community, the Consoli- _ 
dated Water Company, Utica, New York, constructed in 1906, among _ 
other improvements, 12.1 miles of 24-inch cast iron pipe line for — 
bringing water from the West Canada Creek at Hinckley, N. Y., to — 
! Marcy Summit. Other transmission mains continued on into the © 
city, but this particular section is the part discussed. 

This addition to the supply answered all the needs of the city until 
1922, when the demand of the city had increased and the delivery of 
the line had decreased to 8.5 million gallons per day. 

Records show that in 1917 the C value in the Hazen-Williams 
formula was found to be 109; in 1921, 95; and later in the year it 
dropped to 93.5. 

Due to the increase in demand and the lowered carrying capacity, 
this main was cleaned for the first time in 1922. Cleaning restored 
its capacity to over 12 m.g.d. and a C value of over 130. It was 
found, however, that these results were by no means permanent. 
The line lost this maximum so rapidly that, in the period from the 
first cleaning to April, 1934, it was cleaned eight times in order to 
meet the demands of consumption. 

Prior to December, 1933, this line carried only untreated water, 
as the treatment by chlorine was introduced at the outlets of the 
various service reservoirs, In December, 1933, due to various con- 
sumers in this rural section, it was thought best to chlorinate at the 
source of the supply of this line. But we found that we could not 
get a satisfactory residual at the end of the line without an overdose 
for those consumers near the source of supply, and, in order to remedy 
this, ammonia was added. Then satisfactory effluent was carried 
throughout the line. This was done a few months before the last 
cleaning, and we noticed a slight gain in the carrying capacity during 
this period. 

Since the last cleaning in April, 1934, numerous tests have been 
made of the C value by well-checked and proven data, and at no 
time up to the present has the C value fallen below 132, 
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USE OF SODIUM SILICATE IN CORROSION CONTROL 
Ta AT A RAYON PLANT 


Cart ALEXANDER. At the time we started operation of the six 
million gallon filtration plant of the American Chatillon Corporation 
in Rome, Georgia, we were using aluminum sulfate, lime as a second- 
ary treatment, and sodium carbonate in the effluent to adjust the 
pH in finished water to 8.5. Despite the fact that the pH of the 
finished water did not fall below 8.5 we had red water for several 
months. Secondary treatment, consisting of adding lime to the 
effluent, in some cases retards corrosion. However, an excess of 
calcium bicarbonate had to be carefully watched as the rate of flow 
through the water lines might be seriously impaired. 

Since the Tubize plant started operation, pH correction was made 
by feeding lime to the effluent for a period of 2 years. At the end of 
this time we had a very thin coating inside the pipes with a very few 
complaints of red water. Secondary treatment of lime was dis- 
continued in favor of sodium carbonate. In just a few months red 
water complaints were reported in increasing numbers although the 
pH value was still maintained at 8.5. 

Several pieces of small pipe line were examined; we found that the 
protective coating had disappeared and tuberculation had begun. 
This accounted for the red water. 

We first noticed red water showing up in different departments on 
hot water lines after lime treatment had been substituted for soda 
ash. What happened was this: The protective coating which we had 
built up with lime had been destroyed, leaving the surface of the pipe 
lines open for corrosion. 

We found through laboratory tests that waters of low hardness 
(15 to 40) but rich in soluble silicates are excellent film generators. 
Our experience is that a water should contain at least 50 to 60 p.p.m. 
silicates, calculated as silica, to form a protective film. 

We started the sodium silicate treatment (approx. 25.0 p.p.m.) 
with the addition made directly to effluent by means of a flexible 
coupling connected to a 55 gallon drum as received from the dis- 
tributor. In a short time complaints began to slow up, and at the 
end of the first year red water complaints had been reduced about 
75 per cent. 

_ After examining several pieces of pipe, we found a very thin coat- 
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ing inside the pipe line. We decided to continue the treatment for _ 
another year at the same rate. 

At the end of that time we found that a much heavier coating 


m had been formed, and there were no more red water complaints. The — 

d. powerhouse engineer reported that, during the time the silica was © 

he used at the plant, a considerable saving was made in labor in cleaning | 

he the boiler tubes. Other tests were being made in the laboratory at — 

al the time to determine a more effective coagulant. 

he We found that by using sodium aluminate we could reduce the _ 

of amount of aluminum sulfate 33} per cent, thus effecting a-large — 

nm saving. We could also discontinue the silica treatment as sodium 
aluminate carried a certain percentage of silica. 

le At the present time the Tubize plant has no more trouble with 

if red water and is using sodium aluminate in the mixing chamber to 
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AUTOMATIC PUMPING EQUIPMENT 


9 


By 8S. A. CaNARIIs 


The rapid development of automatic pump control during the past 
ten years has opened up new fields of endeavor for the waterworks 
and electrical engineers. Until recently, the entire burden of de- 
veloping practical and economical methods for automatic operation 
was on the shoulders of a small number of individuals, scattered 
over the country, and each one working independently and progress- 
ing to the best of his ability in the development of this new art. The 
lack of practical waterworks experience on the part of the electrical 
equipment manufacturers was a decided handicap for these pioneers, 

In recent years, however, the waterworks associations and the 
technical publications have realized the lack of uniform information 
available on this subject, and through their codperation with the 
engineers and manufacturers they are now gradually disseminating 
the knowledge of automatic operation to the industry. We realize 
that the field is unlimited, and that the applications need not be 
complicated beyond the comprehension of the average intelligent 
operator. The success of this work can, however, be assured only 
if the water works men and the manufacturers can meet with a com- 
mon background of practical operat:ng experience, with good com- 
mon sense taking the preference over theoretical engineering. 

As I have already said, the field is unlimited; this applies to auto- 
matic pumping equipment as well as to its applications. I shall 
confine this paper to the most generally used forms. Most of the 
available equipment is applicable to either non-automatic or auto- 
matic operation, and is adapted to the latter by addition of features 
which take care of the minor functions usually performed by the 
operators. It is, therefore, not necessary to go into a lengthy de- 
scription of the major equipment, but only to mention the function 
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and application of the added features which are used in automatic 
operation. 


The first feature to be considered in the automatic operation of 
water pumps is the necessity for maintaining an adequate supply of 
water tothe pump. Unless a centrifugal pump is fully primed before 


st the motor is started, the wearing rings may be damaged to the point 
ks of making replacement necessary, or the shaft sleeves may “freeze” 
e- and seriously damage the pump shaft. The most commonly-used 
0 form of priming, used when a positive suction-pressure is not present, 


-d consists of a vacuum system which extracts the air from the top of 
& the pump until the entire casing is filled with water from the suction, 


le during which operation the discharge valve must remain closed. 
al The system itself consists of an ejector or a vacuum pump, frequently 
8. used in conjunction with a vacuum tank for storage. A special 
e valve, located on top of the pump casing, is inserted in the priming 


connection and is so arranged that it will stop the priming operation 
when the water reaches this valve after filling the entire pump. 

The initial step in starting a pump consists then in opening the 
priming connection from the vacuum system to the selected pump, 
usually through a small solenoid-operated control valve. When 
the priming is completed, the special valve (vacuum-breaker, tur- 
bine valve, etc.) on top of the pump casing automatically performs 
two functions: first, it interrupts the priming connection by closing 
the solenoid-operated control valve, and second, it closes the motor 
control circuit and starts the motor. This same equipment can also 
be arranged to open the motor circuit and stop the unit if the pump 
suction is lost during operation and air is admitted into the pump 
casing. 

Independent protection against operation with inadequate suction 
pressure may be obtained by the use of a pressure relay on the suction 
line, or by float switch or electrode control when an open suction 
pump is involved. 

The selection of valve equipment for automatic operation is far 
from simple. Selection must be governed by the hydraulic charac- 
teristics of the supply and discharge lines, those of the pump, and by 
the paretion of its own and parallel stations. The combined char- 
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acteristics of these systems and factors are usually so complicated 
that even our best experts in surge and other hydraulic problems are 
unable to prescribe the exact treatment for ideal operation. It has 
been my experience that the safest course to follow is to insist on 
_ valve operating equipment with sufficient flexibility in the timing 
a an to allow the engineers to determine the most satisfactory 
operating conditions by trials in the field. 

The characteristics of the pumps must be carefully consiseasil 
~The volute type centrifugal pump and the deep well turbine type of 
pump may be safely started against closed discharge valves, while 
displacement and propeller types of pumps create dangerous load 
conditions at shut-off heads. The conventional type check valves, 
or the several special designs now on the market, appear satisfactory 
for most applications of low capacities and average heads. They 
should be used in series with a hydraulically operated gate valve 
with solenoid control. This solenoid circuit is energized from the 
motor control, and it is practical to connect it through a pressure 
relay on the discharge side of the pump, between the pump and the 
check valve, so that the pump must come up to speed and develop 
a discharge head equal to static discharge head, thereby operating 
the pressure relay and energizing the control valve solenoid before 
this gate valve begins to open. Stopping of the pump is initiated 
by opening this same solenoid circuit, thereby closing the gate valve. 
At the end of the stroke, when the gate valve is almost closed, a 
trigger operates a simple limit switch which trips the motor off the 
line and stops the unit. 

The modern type of cone valve has become very popular for pump- 
ing station use on account of its practically unlimited application 
possibilities. Its balanced design makes it suited for operation at 
practically any pressure differential without injury to the seats and 
without need for excessive operating power. It is not necessary for 
me to go into the many advantages offered by this type of valve; 
however, it is not perfect, any more than any other equipment, and 
I want to mention one point about which we have learned a great 
deal from our operation of automatic stations. That is the common 
error of insisting on drop-tight seating of cone valves for normal 
operation. We have had definite proof in several cases that this re- 
sulted in a deformation of the valve seats, due to the force with which 
the cone was ‘jammed’ into its seats. This deformation of the 
seats increases the friction between the cone and the body seats, and 
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ted the cone valve may stick in seated position when called upon to 
are operate. I believe that certainty of operation, as well as long life 
has of cone type valves, can be assured only by employing a “‘light’’ 
on seating, relying on the seal of the valve seats on the pump side of 
ing the cone, which is produced by the higher pressure on the line side 
ory of the cone. It is a simple matter to re-adjust the cone valve tem- 

porarily for drop-tight seating when this is necessary for pump 


ed, repairs. 

of The control of cone valves is similar to that described for the power 
ile operated gate valves which are used in conjunction with the conven- 
ad tional type check valves. Many cone valves operate with diaphragm 


control, but whenever it is possible to apply the electric solenoid 


es 

ry control usually a more definite and trouble-free operation is obtained. 
ey In connection with the cone valve control, it is advisable to use a 
ve special arrangement for automatic tripping of the motor in case of 


failure in the regular cone valve control. This arrangement may 
re consist of a ratchet gear segment attached to the end of the cone 
shaft, engaging a limit switch which closes the motor trip circuit 
whenever the cone rotates to close the valve. This arrangement 
ng prevents the pump from continuing operation in case the cone valve 
re closes accidentally. Otherwise dangerous stresses would be caused 
d in the pump and its connections. 
e It is customary, and is considered good practice, to provide a dual 
a control for automatic discharge valves, for the purpose of obtaining 
e a slow normal operation, and a faster operation during such emer- 
gency conditions as automatic trip or power failure. This is made 
- possible by admitting the water for normal valve operation through 
" a valve which is adjusted to close the valve in 2 to 4 minutes, and a 
t solenoid operated by-pass valve on this first valve, which in case of 
{ emergency will open and admit additional water flow to the operating 
r cylinder, and thereby close the valve in from 3 to 10 seconds. For 
normal operation the valve will close first and, when nearly closed, 
] will trip the motor breaker. The reverse takes place during an 
t emergency operation. The slow closing, as well as the slow opening, 


for normal operation prevents excessive surges in the lines which 
otherwise might be seriously damaged by repeated stresses beyond 
the design strength. 

The operating power for hydraulically operated valves is usually 
obtained from the discharge line, with take-offs from each side of 
the valve connected through check valves to the main control valve, 


: 


2 
= 
A 
2.9 
ay 


¢ 


so that the maximum pressure is utilized. This system has apparent 
disadvantages: (1) the possibility of loss of pressure in case of a main 
line break near the station, (2) variation in pressure which may 
seriously affect the timing of operation, and (3) the pressure being 
so high that it requires excessively fine adjustments of the water 
passages for proper timing, which may be too easily upset by slight 
corrosion of these water passages. It is, therefore, good practice to 
provide a duplicate or independent power water supply from an 
“accummulator” in which the air cushion is automatically controlled 
by an air compressor or ejector to maintain a definite and stable 
pressure supply. 

When the buying policy of an organization makes it mandatory 
to accept the lowest bid on broadly written, competitive specifica- 
tions, and especially when the cone valves are used for protection on 
high-head automatic installations, it is often wise to provide dupli- 
cate equipment. The Saline Pumping Station in Pittsburgh is a 
good example of this; operating at a discharge head of 235 lb., a 
failure in the hydraulic control when the valve is called upon to 
close might easily cause a very serious damage. During the opera- 
tion of this station since 1935 the cone valves have repeatedly refused 
to operate and the station operation could not possibly have been 
maintained if it had not been for the provision of two cone valves in 
each pump discharge, one of which has fortunately always functioned 
when the other failed to operate. 

Automatic relief valves on the suction or discharge lines are widely 
employed to remove the dangerous peaks of line surges. Spring type 
of relief valves have not always operated satisfactorily, as the setting 
is difficult to maintain over a period of time. Cone type valves or 
balanced needle type valves have been used with greater success. 
They provide a freer discharge than the spring-loaded type of valves. 


STRAINERS 


While discussing the hydraulic equipment for automatic station 
operation, mention must be made of the necessity for eliminating 
foreign substances from the pumps and lines. The pipe lines from 
open reservoirs are often found to carry considerable quantities of 
dead leaves and similar obstructive material to the pumps. The 
modern high-speed pumps in the smaller sizes, and specially in the 
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3,600 r.p.m. class, are frequently designed with such small impeller a 
eyes and other water passages that even small particles of foreign — 
matter will lodge in the pump, with resulting decrease in the capacity 
and head. For certain arrangements of pressure control, this change 
from normal pump performance may render the control useless. It 
is possible to remedy this condition by the installation of strainers 
in the suction line, preferably of the “twin” type, which may be __ 
cleaned without interrupting the pump operation. Strainers should — 
always be inserted in the water supply which is used for control or 
operation of hydraulically operated valves or similar equipment. 
é pees 
While automatic operation does not preclude the use of combustion 
engines or other forms of drives, the electric motor is used in such a — 
high percentage of all applications that it is not necessary to consider — 
any other form of drive in this paper. The selection of the proper — 
type of motor depends mainly on local conditions such as power 
rates, frequency of operation, ete. While it, of course, is desirable 
to employ the simplest and least expensive type of equipment, the 
governing factor in this selection is often the power company’s re- 
strictions on starting conditions. This, therefore, should always be 
the first point to be determined before the proper type of motor and 
control can be selected. Another consideration should be the torque 
requirements. The minimum starting torque required for a centrif- 
ugal pump is about 20 per cent of full load torque, while the pull-in 
torque at rated full voltage should be not less than 110 per cent of 
full load torque. In selecting the combination of motor and control 
it should be remembered that the starting and pull-in torques of the 
motor decrease as the square of the voltage. A motor with 100 per 
cent starting torque, therefore, will develop 25 per cent of full load 
torque if started at 50 per cent of full voltage. The requirement of 
110 per cent pull-in torque simply provides a small factor of safety 
for pulling in during slightly sub-normal voltage conditions. This 
requirement for pull-in torque is important in automatic operation 
in order that the motor may attain full speed under load conditions, 
that is, with the pump discharge valve open, after a disturbance in 
the electric supply such as lightning, or switching surges, or other 
conditions which might cause a voltage drop or wave distortion. 
The selection of motor types has been the subject of many previous 
papers and publications, so it is unnecessary to go into those details 
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now. In this connection, I would like to mention the steadily increas. 
ing use of variable-speed wound-rotor motor pump drives, which may 
be controlled automatically for constant or variable flows, pressures, 
or water levels by means of relatively simple equipment. While the 
wound-rotor motor has a lower efficiency and power factor than the 
synchronous motor, it offers advantages in flexibility which cannot 
be obtained with any other type of alternating current motor and 
the power factor conditions are of course easily corrected by capaci- 
tors. A fairly high plant efficiency can be maintained by using a 
high-efficiency, constant speed drive for the base-load pumpage, and 
handling the “tops’’ or peaks of the water demands by variable speed 


MOTOR CONTROL 


_ The control equipment for automatic operation should combine 
reliability with simplicity. Motor starting equipment may be se- 
lected as for an attended application, except that all breakers and 
contactors must be electrically operated. For selection of relay 
protection may I refer you to my paper on “Modern Methods of 
Controlling Electrically Operated Pumping Stations,” which was 
printed in the Journal of the American Water Works Association 
in May, 1936. I shall here only mention a few features which are 
special to automatic operation. 

Due to the absence of regular operators, it is important that any 
and all faults be automatically recorded for the information of the 
inspector and the maintenance men. This recording is effected by 
providing certain trip circuits with indicating targets or annunciators, 
preferably combined with a lockout relay, which will prevent re- 
starting of the unit until the fault has been corrected. This same 
lockout relay may be connected to transfer the selected preference 
automatically from the faulty unit to the next unit which is in 
operating condition. 

Another feature which has been found essential in automatic 
operation is the so-called “‘backspin’”’ protection. When the current 
to a pump motor is interrupted, the weight of the water in the dis- 
charge line will quickly stop the pump and, if the discharge valve is 
not completely closed, reverse the rotation of the unit by turbining 
the pump. The reverse speed may vary within wide limits; I have 
seen one pump, which had a normal operating speed of 700 r.p.m., 
reversed to run-away speed of 11,000 r.p.m. without being damaged. 
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If an attempt is made to re-start the unit while it is rotating in re- 


temperature relay should be hand-reset or provided with a hand-reset 

indicator, to identify the bearing which has caused the automatic 

trip. 

External oil reservoirs, which automatically maintain the prede- 


7 verse direction, the current inrush may exceed the locked rotor 
8, value of the motor, depending in value on the motor design, and the 
ne motor starter (if properly relayed) should trip and lock out. This 
1e condition, when registered on the control indicators, would errone- 
ot ously indicate a short circuit or a faulty pump—frozen shaft sleeves 
id or wearing rings. Furthermore, this “plugging” of the motor may 
i- also place a torque load on the shafts and couplings for which they 
a were not designed. The protection against faults of this nature con- 
d sists in the insertion in the starting circuit of a simple timing relay, 
d usually of the thermal type, which prevents the motor from starting 
before a predetermined time interval has elapsed. This interval may 
be}to2minutes. | sek in ode od 
BEARINGS 
™ _ The use of sleeve or anti-friction bearings in pumps and motors is 
d still a debatable question. My experience has been that either type 
y will give equal satisfaction if properly lubricated and cared for, and 
if exacting care is, of course, doubly necessary for automatic operation. 
8 The most common troubles encountered in the use of anti-friction 
n bearings are the results of packing too much grease into the bearings; 
e this will quickly tend to build up a layer of oxidation on the balls 
and races, decreasing the clearances, and overheating the bearings. 
y This is another result of relying too much on the human element, 
e and is easily prevented by the use of oil for lubrication of this type 
y of bearings. 
, For either type of bearings it is advisable to use a temperature relay 
\ which will stop the unit automatically when excess heat is developed. 
e For oil lubricated bearings we have found satisfactory protection in 
e settings of 150°F. for anti-friction type of bearings, and 190°F. for 
n | sleeve type of bearings. The relay bulb is ordinarily inserted in a 
drilled opening in the inside bearing shell, completely covered by the 
¢ oil bath in the reservoir. For anti-friction bearings the bulb is pro- 
t vided with a babbit tip which rests on the outer bearing race, the 
" bulb being installed in a radial direction and with a slight spring 
g tension behind it to maintain contact with the bearing race. Each 
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termined oil level in the bearings, are commercially available and are 
of considerable value in automatic operation. wobinetih sa 
PROTECTION AGAINST CONDENSATION _ 
The proper functioning of an automatic installation may require 
some regulation of the air condition in the station. In stations heated 
by natural gas, which may contain as much as 20 lb. of water per 
1,000 cu. ft. of gas, it is necessary to provide efficient vents for all 
heaters. The condensed moisture otherwise may settle on the equip- 
ment and cause a rapid deterioration of corrosible materials. Or it 
may condense on the ceiling or other overhead surfaces from which 
the water may drip on the electrical equipment and destroy the insula- 
tion. The use of fans in connection with all types of heaters has been 
found most beneficial, not only to give a better heat distribution 
but also to prevent excessive condensation at any one point. Some 
of the most modern small un-attended plants are now using commer- 
cial types of air-conditioning units which definitely regulate the 
moisture content of the air, and thereby prevent condensation of 
water on the equipment. 
_ The subject of control equipment for use in automatic operation 
is really so unlimited that it can not be covered by this or several 
other papers. As it would practically constitute a listing of commer- 
cially available equipment items, I prefer to limit my remarks to 
the general application of them, and to the modification of automatic 
operation by means of remote control and indication equipment. 
Automatic control of pumping equipment may be actuated by 
time, pressure, water level, or flow. Water level may be indicated 
locally by mechanical float switches or electrical float switches 
(electrodes), or by pressure relays; or it may be relayed through a 
separate, small pressure line, or through the main supply line toa 
pressure relay at the remotely located pumping station. In the 
latter case, it is customary to install an altitude valve on the pipe 
line near the tank or reservoir. This valve closes automatically when 
the high water level is reached, thus creating a pressure on the pump 
discharge which is equal to shut-off pressure; this high pressure then 
actuates the relay and stops the pump. 
An excellent article on the various forms of control and their 
applications was written by Mr. H. A. Harris, Jr., in the September 
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1936 issue of The Journal of the American Water Works Association. 
One of the interesting points in this article is the statement that 
“over seventy per cent of the 150 pump stations of the California 
Water Service Co. are automatically controlled, and at only eight 
stations are full shifts of operators on duty.’”’ This company is evi- 
dently a strong believer in automatic operation, and there is no 
doubt but that properly engineered and properly maintained equip- 
ment will come nearer to perfect operation if automatically controlled 
than if manually operated. However, those of us, who have been 
or are in municipal service, cannot fail to realize the difficulties in 
obtaining just the right kind of equipment and the properly trained 
and qualified men for its maintenance. When this assurance of perfect 
station conditions is lacking, it is wise to support the automatic 
operation with some form of remote indication to an attended station 
or office, or even to place the actual control in the hands of such a 
remotely located operator. As a typical example of this condition: 
I had a recent experience with a small booster station which was 
equipped for full automatic operation, controlled by station pressure 
relay for starting, and pressure relay at the tank for stopping of the 
single unit which operated intermittently. The reason for the relay 
located at the tank was the fact that the main line from the pumping 
station to the tank was connected directly to the distribution system, 
so that the pressure at the station corresponding to a full tank varied 
considerably from day to night. This relay at the tank was con- 
nected to the station control through a rented telephone circuit. 

On one occasion a high-tension transmission wire fell on the tele- 
phone cable during an electrical storm and short-circuited the wires, 
with the result that the pumping station received the equivalent of 
a continuous “full tank” signal. The district was out of water before 
the trouble was discovered. On another occasion the roto-valve 
on the pump discharge failed to open when the unit was started, and, 
although the pump control had functioned properly, the failure of 
this roto-valve prevented the water from being delivered to the 
system, and the district was again without water before any irregu- 
larity was indicated. 

These experiences indicated the necessity for a system which would 
immediately report any irregular condition. As such a system re- 
quired a remote indication circuit between this station and an at- 
tended station located about two miles distant, it was decided to use 


a combined metering and operating circuit. This was accomplished 
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by transmitting alternating current for the time-impulse metering 
system to give a constant pressure indication at the attended station, 
and at the same time transmitting direct current over the same 
circuit to energize an interposing relay at the un-attended station for 
starting and stopping the pump. Starting and stopping is governed 
by the pressure indicator which informs the operator of the approxi- 
mate water level in the tank. This same indicator will also indicate 
any such irregular condition as failure of the pump to start or deliver 
water, voltage failure, open or shorted control circuit, etc., so that 
this district now—at no time—can be without water except with the 
knowledge of the operators in the attended pumping station. 

The several available forms of remote control were described in 
the previously mentioned paper on ‘‘Modern Methods of Controlling 
Electrically Operated Pumping Stations.” 

While we practically never encounter two identical problems in 
automatic control and operation, there is almost always a certain 
similarity to one or more features in other installations. If you have 
a problem without any apparent solution, may I remind you that 
the American Water Works Association represents the strongest 
fraternal spirit of any professional organization, and that your fel- 
low members, and I am proud to be one of them, always welcome any 
opportunity to share their particular knowledge and experiences, 
and to assist in the development and improvement of the art of 
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With the advent of the deep well turbine pump, the pumping of 
water from the porous underground strata, frequently requiring lifts 
of several hundred feet, became practical. Since its inception thirty- 
seven years ago, the field of application of this pump has steadily 
broadened. This relatively short period has seen many mechanical 
simplifications of the deep well turbine and simultaneous improve- 
ments in its hydraulic performance. However, these pumps have 
all been designed according to the same basic pattern used on the 
first pump, a multi-stage vertical centrifugal pump, driven by a 
prime mover located at the surface, usually a vertical electric motor. a 
Power is transmitted from the surface to the pump by a long shaft 
which rotates at high speed in numerous bearings and is supported 
and guided by the discharge pipe. 

Despite the improvements in such pumps, and they have been 
many, their limitations long ago became obvious to engineers. 
Transmission of power from the driver to the pump through fifty 

to several hundred feet of vertical shafting, with a suspended pipe 
as the only provision for maintaining accuracy of alignment, does 
not appeal to the designing engineer. The thrust loads imposed by 
this long shaft, create bearing loads that frequently require the 
best in bearing design. The drive shaft elongation under varying 
load conditions encountered in the well, makes the accurate axial 
adjustment of impellers in the pump difficult. Wells must neces- 
sarily be straight or the resultant shaft-whip pounds out both bearings 
and shaft. Proper lubrication of the bearings on the shaft requires 
that they be either exposed to the abrasive action of the sand carried 
in the water, or that an oil be introduced into the system with the 
danger of contamination of the pumped water. The practical im- 
possibility of maintaining perfect alignment between shaft bearings 
has compelled the designer to limit speeds, frequently to the detri- 
ment of first cost, or hydraulic performance. 


A paper presented at the New Orleans convention April 26, 1938, by D. W. 
Conkling, Assistant to President, Byron Jackson Co., Los Angeles, Calif. 
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_ These limitations of the deep well turbine pump have established 
a practical, if not theoretical limit to the extent to which nature’s 
water reservoirs could be utilized. It was natural, therefore, that 
manufacturers searched for a basically different method of deep 
well pumping. 


? SUBMERSIBLE DEEP WELL TURBINE 
One solution seemed apparent almost from the start—a pump 
that would have a submersible electric motor close coupled to it, 
the complete unit to be lowered into the well. Such a pump could 
operate successfully in crooked wells. Bearing problems would be 
almost eliminated by abandonment of the long driving shaft. Speeds 
could be such as to give best economy and hydraulic results if no 
long shaft was required. A minimum number of moving parts would 
be exposed to wear. Contamination from oil used to lubricate 
column bearings would be eliminated. 

The general appearance of the submersible deep well turbine 
which has been developed is in fig. 1. The motor is mounted below 
the pump. A cast iron grid type strainer connects the motor to the 
pump, and the entire assembly is suspended from the surface by the 
column pipe. Water developed from strata below the motor flows 
up past it and enters the strainer, passes.through the pump into the 
discharge column to the surface of the ground, and is discharged into 
an open reservoir or a pressure pipeline. If water bearing strata 
exist above the pumping element, the water from it is free to flow 
downward past the pump into the strainer. Power is supplied 
through a lead sheathed steel armored cable extending from the sur- 
face to the terminal box in the upper end of the motor. 

Probably the first attempt in this country to build such a pumping 
unit was made by the present manufacturer which, in 1923, manu- 
factured several such units. These pumps, while successful, were 
not. commercially practical, and therefore, were not placed on the 
market. 

In the meantime, three California engineers, J. B. Van Horn, 
Earl Mendenhall, and C. J. Coberly, developed, in the laboratory, 
a submersible unit in which they had complete confidence, and the 
Submersible Motorpump Company was formed to introduce their 
product to the public in 1928. Justification for their confidence 
is evident from the undeniable success of their product. The first 
unit, installed in 1929 and pumping 250 gallons per minute with a 
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yemains as to the correctness of the design. 

Never having abandoned a desire to advance the art of deep well 
pumping through the use of the submersible motor, and recognizing 
that the problem was basically an electrical one, not one of pump 
design, the present manufacturer purchased the business and patents 


een expanded and redesigned for commercial production. 
different types of European submersible motors. 


- those here, in type and in design, the American design being unique 
itself. 
motors indicated that their requirements do not measure up to the 
accepted American standard of performance and sustained operation. 

he excellent showing of the shaft deep well turbines and their 
sustained performance for many years, precluded any new develop- 
nent which did not promise as good or better performance. 

The design of a submersible electrical motor that would enter 
a drilled well only a few inches in diameter, and operate for indefi- 
nitely long periods until natural wear required its withdrawal, offered 


: ~ setting in the well of 450 ft., is still operating successfully today. : i 
‘Since that time, approximately 12,000 additional horsepower has : 
been installed, and with the experience gained therefrom, no question — 


Further, even the advertising literature of the European a 


f the Submersible Motorpump Co. in December, 1936. Since the _ ia 
urchase, the line of motors built by the predecessor company has iS ‘a 


Before the purchase, a thorough investigation was made of the ; 4 
This investigation 
showed that European developments were definitely different from — 


problems that were uniquely solved. Some of the outstanding and 


most interesting of these are worthy of special comment. 
Moisture penetration into the active parts of the motor had to 


be completely eliminated. This was accomplished by enclosing the ioe 3 


entire motor in a case filled with oil of high dielectric strength. Pre- 
vention of oil leakage from the motor at the point where the shaft 
passes through the case, and also of water entering at the same point, 
was the crux of this problem. 
P THE USE OF A MERCURY SEAL 

The solution was the use of a mercury seal. The drive shaft 
extension to the pump is from the top of the motor. Mounted on 
the shaft, and rotating with it, is a cylindrical cup partially filled 
with mercury. Dipping into this cup is a stationary, cylindrical, 
hollow baffle through which the drive shaft extends. The cup, or 
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Fic. 2 Fic. 3 
Fic. 1 shows a complete unit. Moter is at the bottom of the pump with — 
strainer between motor and pump. hae 
Fic. 2 shows a sectionalized view of the motor assembly. xa. a 


Fic. 3 shows the seal assembly with seal guard and seal wall! broken away 
to permit interior view. 
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geal chamber, and the baffle are designed with hydraulic lines that — 5 
permit minimum displacement of the mercury during rotation. — 
Erosion and corrosion of the chamber walls, which would occur with _ 
‘y ordinary steels, is avoided by the use of high chrome-nickel steel in 
the chamber, and an enamelled baffle. Hydraulic designs on the _ ib 
seals have been so perfected that the present sealon a 60h.p.motor 
- displaces only 10 cc. of mercury between no speed and full speed, — 
whereas the original designs, although successful, displaced 150 cc. 
The operation of this seal may first be visualized by reference to 
_ fig. 2 which shows the complete motor. The seal at the upper end — 
_ through which the shaft extends constitutes the barrier between oil — 
in the motor, and water in the well. Operation of the seal can be © 
more easily understood by reference to fig. 3, an enlarged view of the ~ 
-sealassembly. It is, substantially, a rotating U tube. On one side, 
gil contacts the surface of the mercury lying between the inner wall _ 
of the seal chamber and the outer wall of the baffle. On the other 
_ side, water from the well is free to contact the mercury in the area 
_ between the inner wall of the baffle and the outer surface of the 
rotating shaft. Any contact or possible mingling of the oil and water 
_ is prevented by the mercury in the seal chamber. 


“ THE USE OF A BALANCING CHAMBER 


To balance the hydrostatic forces on the two sides of the seal, and - 
to compensate for the heat expansion of the liquid in the motor, it 
is necessary to introduce a balance tube which connects the water — 
and the oil side of the seal. The balance line leads from the chamber © 
on the water side of the seal, which is under hydrostatic well pressure, 
to a balancing chamber in the bottom of the motor, the bottom por- 
tion of this chamber being filled with water. This balancing chamber — 
is in direct pressure communication with the motor chamber through © 
a small opening around a metal diaphragm of practically the same 
diameter as the motor case. The result is a quiescent chamber 
which is at the same pressure as that due to the submergence in the > 
well, with the pressure on the oil side of the mercury seal always the i 
same as on the water side. This balancing device, together with the 
cable and oil filler pipe, forms a U tube, with the oil from the motor 
rising in the cable and oil filler pipe to a height sufficient to balance 
the well pressure. 
During operation, the oil within the motor case is warmed and, as 
it expands, it forces some of the water from the bottom of the nalende 
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chamber through the balance tube and into the well. Were direct 
communication between the motor chamber and the well not possible, 
internal pressures would be built up that would force mercury to 
spill out of the seal. 

Cooling of the motor presented no difficult problem. With an 
abundance of cold water which could be used to carry the heat away 
from the motor shell, the only problem was to convey the heat from 
the motor windings to the motor shell. Ample cooling is secured by 
providing passages to permit continuous oil circulation from the 
windings to the shell. Heating effect upon the water pumped cannot 
be measured with an ordinary thermometer. 

The oil used in the motor is highly refined, non-hygroscopiec, 
crystal oil, and, even after years in contact with the surface of the 
water, there is no evidence of a breakdown of its dielectric strength. 
Ocean water, saturated sodium chloride solutions, and waters of 
various chemical properties, have been pumped successfully without 
apparent effect upon the motor or the oil. The actual extent to 
which corrosive waters can be handled is unpredictable. Where 
characteristics of the water are unknown, a test is generally con- 
sidered advisable. 

In designing a motor which would develop adequate power, and 
yet enter wells as small as 6 in. inside diameter, the dimensional 
restrictions would appear to present a serious problem. 

This was not the case. The resultant motor, while considerably 
longer, and of less diameter than surface motors, is particularly well 
suited to driving deep well pumps. The small diameter rotor 
has a very low moment of inertia, giving it quick acceleration. At 
the same time a greater percentage of the copper in the windings is 
active. This is due to the reduced ratio of copper in the end turns 
to the total copper, with a consequent reduced copper loss, and higher 
electrical efficiency. The motors here described develop up to 15 
hep, at 3,600 r.p.m. in a 6 in. well, 35 h-p. at 3,600 r.p.m. in an 8 in. 

_ well, the same frame motor being rated at 20 h-p. at 1,800 r.p.m. 
Motors for 10 in. wells develop up to 60 h-p. at 1,800 r.p.m.; and in 
_ 12- and 14-inch wells, 1,800 r.p.m., motors of 100 and 200 h-p. are 
available. Where these horse-powers are inadequate, a double, or 
stacked motor, is used and in such cases the power for a given well 
can be approximately doubled, and in some cases even quadrupled. 

An interesting solution to the energy loss due to friction between 
the motor rotor and the oil in the case was accomplished. Those who 
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are familiar with hydraulics will appreciate that this loss could be 
a major item and, if not minimized, could perhaps equal the frictional 
power consumed by the rotating shaft of shaft type deep well turbine 
pumps. 

Petroleum ether, which volatilizes at a very low temperature, is 
introduced into the motor oil. As the motor starts, heat, generated 
in the air gap, volatilizes this ether and the rotor actually rotates 
in an oil vapor with consequent reduced friction. 

The effect of the volatilization of this ether can be observed by 
watching an ammeter on a motor using ether. Initially, the current 
will be several per cent above normal but it quickly drops to normal 
as the ether heats. The introduction of this material, together with 
the electrical advantages inherent to a motor of the proportions used, 
makes possible the attaining of efficiencies equal to, and in some cases 
exceeding, those of conventional surface motors. 

The thrust bearing load problem is simplified by removing prac- 
tically all of the dead weight on the bearing, through the elimination 
of the drive shaft. The balance of the thrust load is easily carried 
on bearings in the motor, which are adequately lubricated and cooled 
by the oil in the motor case. 

To date, the development of these motors has been confined to 
three phase, squirrel cage designs with a maximum of 2,200 volts. 
Time, and the limited commercial demand for other electrical char- 
acteristics, are about the only reasons for not having developed 
motors of other characteristics. Questions have been asked con- 
cerning the availability of wound-rotor motors for use where power 
company restrictions prohibit the use of squirrel cage motors. The 
unique performance characteristics of the submersible deep well 
pumping unit indicate that the answer to this question is the educa- 
tion of the power companies rather than a different design of motors. 

Service requirements of the submersible motor permit an electrical 
design of low starting current characteristics, and the physical dimen- 
sions make these low starting characteristics easy to attain. The 
result is a motor with a locked rotor current which, in the smaller 
sizes, is equal to, or slightly less than the conventional ‘‘Low Starting 
Current” squirrel cage motor. In the larger sizes, starting currents 
for the submersible motor are frequently 35 and 40 per cent less 
than surface motors. The moment of inertia of the combined pump 
and motor is far less than that of the large diameter rotor of the sur- 
face motor in combination with the long drive shaft. 
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The frictional drag of the pump and motor during acceleration js 
almost nothing as contrasted with the frictional drag of a column 
shaft type, possibly several hundred feet long, with bearings spaced 
every few feet, and cold oil lubricating them. The hydraulic load 
of any centrifugal pump builds up with the third power of the speed 
so that the pump load is zero at start and does not approach, even 
closely, the maximum horse-power until the pump is almost up to 
full speed. 

The result of these factors is such that even the largest submersible 

a units accelerate from zero to full speed in less than two seconds, 

Be; The first electrical surge, as contact is made, holds to a maximum 

for only a few cycles, and the effect upon a transmission system, 

unless it is totally inadequate for the load imposed upon it, is not 
noticeable. 

a As a matter of fact, the acceleration period is so short that the 

= * starting of a motor on a reduced voltage tap may produce more line 


- disturbance than starting on full voltage. This greater disturbance 
a S is occasioned by the prolonged acceleration period due both to 
or reduced voltage and the time actually required to operate the controls, 


whether automatic or manual. Throwing the motor from reduced 
to full voltage, may cause a secondary current inrush almost equal 
to the initial inrush that would occur with a full voltage start. 

With moving parts reduced to a minimum, and these far below 
ree the surface, a silently operating unit results. This makes possible 
the installation of underground pumping units in residential districts. 

With no machinery on the surface to be protected, expensive 
pump houses are superfluous. A weatherproof switchbox is all that 
is needed, and when placed above any possible surface water level, 
the unit can safely continue in service even under flood conditions,— 
provided, of course, that the sanitary quality of the pumped water 
is definitely known to be not affected by flood waters. 

The submersible deep well pump, while it is termed “A New 
Development in Deep Well Pumping,” in this paper, can only be 
considered new when compared with previously used methods which 
predate it by some fifteen or twenty years. It is a development 
that has been in actual operation for a period of ten years and can 
be truly represented as developed, and not in the experimental stage. 
Only a prophet can predict the extent of the position it will occupy 
in municipal waterworks pumping in the future. That it does have 
a position in that field, is not subject to question, = 
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Discussion by A. O. Fasrin.* Purchasers of deep well pump 
equipment have recently been offered a novel and ingenious type 
of machine wherein the electric motor driving a deep well turbine 
is located below the pump, the entire assembly acting as a unit 
completely surrounded by water. 

One of the designs offered utilizes a mercury seal to act as a harrier 
between the water in the well and the insulating oil within the motor 
shell. A barrier or a seal of some type must be used otherwise 
moisture entering the motor proper would cause motor failure and 
consequently cessation of pumping. 

Adopting a new method presumably means that existing mattiodd 
have failed to meet requirements. It is estimated that there are 
100,000 deep well pump installations in this country at the present 
time, and such a number indicates that the conventional pump has 
been successful enough to warrant its very wide adoption. Does 
this new method, because of lower first cost, or increase in efficiency, 
or ease of maintenance make obsolete the standard deep well centri- 
fugal pump? 


FIRST COST 


We still must have a pump, a motor, an eduction pipe, and a 
transmission line. The pump cost will be essentially the same in 
both types. The motor not being made in production quantities 
and because of its special construction, incorporating an intricate 
seal and oil filters and necessitating a rust proof outer shell fitted 
with complicated end bells, must be balanced against the cost of the 
standard motor. 

The eduction pipe for the submersible will cost a little less than 
the standard pump because of the elimination of spiders and bearing 
supports, and of course the driving shaft and its bearings are not 
required. However, to offset these, the submersible must include 
in its assembly a power cable, insulated and armored, secured with 
clamps in its extensive length from the submerged motor up to 
the surface. 

Both types are fitted with a discharge outlet casting at the surface, 
the submersible casting perhaps costing a little less. 

The limitations in motor construction, because of well diameter, 
limit the electrical design, and these limits are not so confining in 
a regular motor. dant ew 
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* Chief Engineer, Layne & Bowler, Inc., Memphis, Tenn. 
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The friction losses incurred in the revolving rotor of the sub- 
mersible operating in a fluid medium are not present in the standard 
motor, nor are seal losses present, all of which tend to decrease the 
efficiency of the submersible motor. 

The eduction pipe losses in the submersible will be slightly less 
than those of the extensible line shaft pump, because of the absence 
of spiders and shaft column. 

The loss of horse-power in the conventional line shaft assembly, 
because of bearings, must be considered; however, the transmission 
of electric energy thru the submersible cable is also accompanied 
by losses. 


DEPENDABILITY AND MAINTENANCE 


_ It is practically impossible to make a comparison on the dependa- 
bility and maintenance cost because only a limited number of sub- 
mersible pumps has been installed. Some of the inherent difficulties 
that may cause operating troubles are as follows: 

A pump impeller shaft, supported by a thrust bearing in the motor 
below, operates in compression, and with the added burden of the 
hydraulic thrust load may tend to whip. This may affect the seal 
and impair its efficiency as a moisture barrier. 

Excessive bearing wear may, because of induced vibration, cause 
destruction of this air or “oil gap,’’ resulting in the contact of rotor 
and stator. Then the motor stops and the unit must be pulled 
from the well. 

The minute vibration, always present in the pump because of 
rotating elements, may cause the power cable to become pinched 
between the well casing and eduction pipe causing insulation break- 
down, and finally a short circuit. ;. 

The thrust bearing failures must be considered. In the con- 
ventional pump, bearing replacements are easily made. In the 
submersible, no warning of bearing trouble is given and a replacement 
means pulling the entire unit. 

In case of motor failure, a customer can quickly change to a new 
motor in the regular pump; whereas, in the submersible a shutdown 
presents a real problem. 

These remarks then raise the question—does the submersible motor 
pump do a better job of filling the deep well pumping needs than the 
deep well turbine pump which to date has filled the purpose? 
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To all members of the American Water Works Ansibidtions 


1. On January 31st, all members of this Association were advised 
that the Board of Directors had approved in principle certain changes 
in the Constitution. 

These changes in brief may be paraphrased as follows: oe 

The establishment of the office of Vice-President of the gh or 
Association was approved in principle, the By-Laws Com- f 
mittee was instructed to prepare the necessary amendments _. 
to the Constitution; and the Secretary was directed to | 
forward these amendments to the Board in due time prior 
to the next annual convention. 

The principle of requiring residence of a section director _ 
(when elected) in the section he represents was approved; 
further requiring that if a director moves out of the section — 
territory during his term of office, it shall be within the 
power of the section to replace him. 

2. On April 2nd, all members were given a copy of the i 
changes in phraseology in Articles III, [V and V of the Constitution, 

3. At the business meeting of the Association on April 25th, the 
members present unanimously approved certain minor changes in 
the previous phraseology, as well as the general intent of the amend- 
ments, 

4. In accordance with the provisions of Article VI of the Consti- 
tution, all Active Members and duly accredited representatives of 
Corporate Members were given a detailed statement of the proposed 
amendments on June 25, 1938. 

5. The Executive Committee, at a meeting on June 22nd, ap- 
pointed Linn H. Enslow and Robert W. Sawyer to act as tellers. 

6. The period allotted for mailing of ballots having ended on 
July 27, 1938, Messrs. Enslow and Sawyer canvassed the ballots on 
August 2nd. Their report follows: 


’ 


“Having been appointed by the Executive Committee to serve as tellers of 
the ballot on amendments to the Constitution of the A.W.W.A. sent to the 
Active and Corporate membership on June 25, 1938, we have met today at 
A.W.W.A. headquarters, and have made a count of the ballots received at the 
Association office up to the close of August 1, 1938. 


4 “We report the count of the ballots as follows: wa oe 
“Total number of ballots received and counted................. 925 


“Number of ballots approving amendments to Art. III and IV 
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‘‘Number of ballots disapproving amendments to Art. III and IV 
‘“‘Number of ballots approving amendment to Art. IV relating to 
replacement of Section Director............................. 906 
‘‘Number of ballots disapproving amendment to Art. IV relating 
to replacement of Section Director.......................... . 
‘“Deducting the 11 invalid ballots from the total of 925, leaves 914 valid 
_ ballots. According to the Constitution, for the ballot to be carried two- 
thirds of the valid ballots would have to be favorable, which in this cage 
would be 610 ballots. Inasmuch as the actual number of favorable ballots on 
‘he first mentioned amendment is 902 and on the second amendment is 906, 
_ we, therefore, report that the amendments are carried. 


L. H. ENstow 
Rosert W. 


7. The various amendments to the Constitution and By-Laws 
which have been adopted during the current year are being properly 
inserted in the text and the revised documents will go forward to 
all members as a supplement to the September Journal. 

8. Members will please take note of the effect of these constitu- 
tional amendments. The amendment to Article III of the Constitu- 
tion will make incumbent upon the Board the nomination of a Presi- 
dent, a Vice-President and a Treasurer at the annual meeting in 
January, 1939. The amendment to Article IV of the Constitution 
empowers a Section (if it so chooses) to replace a Director if he 
changes his residence to a point outside the Section. 


lie 
August 3, 1938. 
0 it Harry EK. JORDAN, 
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PUBLIC SERVICE PERSONNEL to 
A Suggested Municipal Retirement System. Wm.H.SHerman. Minnesota se 


fy Municipalities 23: 71, 88, 143, 202, 248 (Mar., Apr., May, Jun., Jul. ’38). A — 
proper retirement system eliminates employees who have lost efficiency 
to through old age or disability, improves morale, retains men otherwise lost 
through lack of hope for advancement and attracts a higher grade of men into — 
U- . the service. Should be designed to promote both efficiency and constructive 
u- social policy. State constitutional provisions, legislation and judicial inter- 2 
:i- pretations in Minnesota are reviewed. Synopsis of existing pension and as 
r retirement systems in Minnesota shows 17 statutes, with many amendments, _ 
bes applying to different functional classes of employees and several classes of — 
mn cities and villages. Much space in Mar. and Apr. issues devoted to Minnesota _ 
ne firemen’s and policemen’s relief associations. Conditions of membership, — 


employees’ and public contributions, retirement allowances, death and retire- 
ment allowances and withdrawal benefits are summarized. The May and June 
installments discuss independent retirement systems for small municipalities 
and, as an alternative, inter-municipal systems. Difficulties and dangers of 
retirement systems for small groups of employees are,—inapplicability of the 
law of averages, high administrative costs, inferior administration, uncertain 
income from small reserve funds. If use is made of private insurance com- 
panies much of the premiums goes for administration and for stockholders’ 
profits. If a state-administered system is adopted, with voluntary member- 
ship by any municipality, it is suggested that it include all classes of employees 
whose compensation is paid from municipal funds. The joint state fund 
should be in charge of a board which might include three state officials, ex- 
officio, three members chosen from officials of member municipalities and three 
municipal employees. Duties of the board should be confined to policy deter- 
mination. It should appoint a qualified chief executive who should have 
actuarial assistance and a medical examiner or examining board, preferably 
appointed by the executive officer. There should be actuarial revaluation of 
the retirement fund at least every five years so that readjustments of con- 
tributions and benefits may be made if needed. Employee benefits common 
to proper retirement systems include superannuation, disability, death and 
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_ withdrawal. Retirement benefits should be in the form of annuities based op 
the total credit of an employee at retirement age, as accumulated by percent. 
age deductions from salary, municipalities’ contribution, if any, and earned 
interest. Retirement benefits should be, say, about 50% of av. annuai salary 
during last 10 yr. service. Employee contributions should be graduated by 
-service-entrance age, being higher for advanced age. The Jul. installment 
is a composite outline of four retirement systems: Maryland teachers; 8b, 
Louis police; Cincinnati employees; New Jersey state employees. All four 
are actuarial systems in which both employees and governments contribute, 
Member contributions are a percentage of salary based on age at entrance, sex 
and occupation, computed to yield an approximate annuity of 1/140 of the ay, 
final compensation for each year of membership service upon retirement at 
- minimum permissible age. Employers’ contribution in each of the four 
_ systems is about 1/140 of the av. final compensation multiplied by years 
of membership service, plus 1/70 of the average final compensation multiplied 
by the years of service prior to establishment of system, with the maximum 
- years generally 35. Each system sets minimum permissive retirement at 
60 yrs. and compulsory retirement at 70 yrs.; latter may be extended a few 

_ years for exceptionally able employees on department head request. Retire- 
ment allowances are annuities of about half the final average compensation, 
after 35 yrs. service. Disability benefits are conditioned on 10 yr. service 
(except that Maryland requires only 5 yr.) at 9/10 of 1/70 of final av. com- 

nsation, for each year of service, with a minimum of 25% of final av., except 
that members entering service after 40 get 9/10 of allowance that would have 
been payable at 60. New Jersey has slight variations. Death benefits from 
normal causes, except in New Jersey, comprise return of accumulated em- 
ployee’s contributions, with interest, plus 50% of final years compensation 
(in Maryland 50% of av. yearly compensation). Deaths by accident in per- 
formance of duty are paid, except by Maryland; the other three systems return 
employees’ accumulated deductions, with interest, plus half the final av. com- 
pensation, either to the widow or to dependent parents until remarriage or 
death, or to children under 18 (16 in St. Louis). Full return of employees’ 
contributions, with interest, is made in all four systems on withdrawal from 
service for any reason except retirement. Referring again to Minnesota: 
Neither the State Employees’ Retirement Association of ’29 nor the Public 
Employees’ System of ’31 are on a full actuarial basis. The first of these 
has large deficit and it is predicted that the second will soon have. Together, 
15,000 members run inherent risks of being financed on an apparently disguised 
cash-disbursement plan. The study is result of research by the author as in- 
service fellow in public administration at Univ. of Minnesota, while on leave 
of absence from his position as city accountant of Albert Lea, Minn.— 
M. N. Baker. 


Qualifications of Operators of Water Treatment Plants. Warren J. Scort. 
J. N.E. W. W. A. 61: 402 (Dec. ’37). The rapid increase in number of treat- 
ment plants due to public interest in elimination of taste, odor and high color 
from public water supplies induced the Conn. State Dept. of Health to seek 
legislation assuring appointment of qualified operators. Such legislation was 
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passed in 37. In reply to requests to other states for information found that — 
41 states were without any specific laws or regulations controlling appoint- 
ment of water treatment operators, 40 without regulation controlling qualificas = 
tions, and 2 states without specific laws or regulations but having authority __ 
to pass on appointments under general laws. Calif. (on appointments), — 
Conn., Ky., Mich., N. J., N. Y., Ohio, Wash., and W. Va. reported existence 
of specific laws or regulations. In Texas voluntary scheme for certification _ 
has been worked out. Various provisions in these states are discussed, and | 
requirements for operators in Calif., Mich. and N. J. compared in some detail. 
Author cites specific advantages of established qualifications to be: keeping — 
unqualified men out of positions involving public health responsibility, raising 
of calibre of operators, elevation of position in public mind, tendency.to aid — 
in creating public sentiment for tenure of office for qualified men. Public — 
should be educated to idea that business of operating water works is a profes- 
sion rather than a political football.—Martin E. Flentje. 


Directory of Waterworks Officials of Canada. Anon. Eng. Cont. Rec. x 
61: 12: 56 (Mar. 23, ’38). A list of the engrs., supts., and commissioners in 
charge of municipal water supplies in Canada, arranged alphabetically accord- 
ing to provinces.—R. E. Thompson. gid 4H 


WATER SUPPLIES—NORTH AMERICAN om 


Municipal Water Storage Hits Record. Anon. The Intake (Los Angeles 
Dept. of Water & Power) 15:6:8 (Jun. ’38). Peak weeks of 37 with 221 m.g.d. 
av. water consumption indicated need for tremendous storage in Los Angeles, 
Calif., water supply. Even so, sufficient water was in storage on May 25, ’38, 
to last city for 6 mo. if there were no running supply; total storage being 
138,430 acre-ft., 12,000 acre-ft. in excess of ’36 figure for same time. Total 
pptn. to date 23.43”, approx. 50% above normal. ‘36-’37 abnormal rainfall 
has resulted in rise in water table of from 2’ to 7’. In ’37, 76% of water used 
came from High Sierra water source through 238 mi. aqueduct; this supply 
supplemented by upside down wells feeding into galleries in rock. Sufficient 
water available even if ’37’s 185 consecutive days with only 1/100” rainfall 
were repeated.— Martin E. Flentje. 


Maryland State Dept. of Health, Bur. of San. Eng., 1937 Annual Report. 
Aset WoLMAN AND GEorGcE L. Hau. Activities of Bureau in fields of water 
supply, sewage disposal, industrial waste treatment, stream pollution control, 
oyster area sanitation, etc., are reviewed. Percentage of population served 
by public water supplies has been increased to 76.1, 71.2% being supplied with 
treated water : 71.4% of population is served by sewerage systems and sewage 
of 64.6% of population receives some form of treatment. Extension of sewage 
treatment has reduced pollution of water courses considerably. Greater 
interest is being evinced by manufacturers in prevention of stream pollution. 
Typhoid death rate in ’37, inclusive and exclusive of Baltimore, was 1.8 and 
2.6 per 100,000, respectively: Baltimore rate was 0.9. Periodic reviews of 
operation of water and sewage treatment plants in addition to regular inspec- 
tions has inereased interest on part of municipal authori- 
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ties, raised quality of effluents produced and increased no. of operating 
records submitted for review.—R. E. Thompson. 


‘ A Survey of the City Water Supplies in North Mississippi. Jacop R, 
_ Megapow. Southwestern Bull. (Memphis, Tenn.) 25:1 (Jan. ’38). A 63 page 
_ bulletin giving data on source, character and rates charged for water supplied 
in 55 cities in North Miss. Following brief discussion of general factors 
_ involved in water as affecting industrial utility, results of analyses of each 
_ supply are given in ionic and combined form. Briefly summarized most of the 
a supplies examined are free from odor, 13 had turbidity and 5 exceeded 10 
3 p.p.m.; color varied from 2 to 108 p.p.m., and was found in 18 samples. Total 
* solids varied from 20 to 667 p.p.m.; chlorides from 0 to 314.8 p.p.m.; av. amount 
_ of scale formed on use was 0.5 lbs. per 1000 gal. with 7 towns exceeding 1 |b, 
per 1000 gal. Many of waters were exceptionally soft, 71% of the supplies 
- Faling into 0-50 p.p.m. total hardness range. Number of samples showed 
high alk. due to presence of sodium bicarbonate. Fe varied from 0 to 19 
-—-:p.p.m., only 16% showing no Fe at all, about 43% of those examined containing 
4 over 0.25 p.p.m.; pH values were generally between 7 and 8. In general min- 
eral content is moderately low, waters are relatively soft, some supplies are 
- _ little high in Fe, others are strongly basic in character.—Martin E. Flentje, 


Treatment of Florida’s Artesian and Surface Water Supplies. Ma.cotm 
Prrniz. Civ. Eng. 8: 339 (May ’38). The quality of the water available in 
the Southeast covers a wide range, from 1,000 p.p.m. total solids at Sarasota, 
Fila. to the lowest at Charleston, S.C. Almost universally true that surface 
waters in the southeastern states are soft and either highly colored or very 
turbid, especially after heavy rains bring discharges from swampy areas of the 

- coastal plain or wash from the Piedmond Plateau. Principal limiting factor 
in increased use of surface waters is the quantity available; in use of ground 
water it is chemical rather than quantitative. The wide range of water char- 
acteristics naturally requires numerous treatment plants and procedures, 
Treatment of well waters usually involves aeration for removal of COs, and 
HS if present, softening, and filtration, although many well waters are used 
with no treatment. A few ‘‘perched’”’ ground water sources containing con- 
siderable iron and little organic matter may be converted into satisfactory 
domestic supplies by a simple process of iron removal. There are several 
_eotiening and filtration plants operating in Florida. The kind of softening 
process can be determined properly only if the character of the water and its 
use are definitely kept in mind. Lime treatment will suffice where sulfates 
and chlorides are not high, otherwise lime-soda or base exchange processes may 
be used. Six of the iron removal plants in the state are effectively removing 
5 to 20 p.p.m. of iron. The processes consist in aeration, then upward filtra- 
tion through gravel, and finally reaeration. Many other plants in existence, 
some similar and some vastly different, could be cited. 

Discussion. E. Reicuneimer. Ibid. 8: 479 (Jul. ’38). Original 
article brings out the differences between Florida’s raw waters from surface 
sources, and those from underground aquifers, and includes study of the geo- 
graphical location of supplies from the Ocala stratum with reference to their 
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sulfate content. A contradictory set of conditions is pointed to by the author 
in stating that excessive draw-down of artesian wells is dangerous because of 
possibility of increased sulfate content and that waters high in sulfate content 
are found in areas of low ground-water movement. Qualification of the state- 
ment that there is danger of salt-water intrusion, is necessary, as properly- 
eased artesian wells penetrating into the Ocala stratum have remarkably 
good records as, for example, the Jacksonville municipal supply and the wells 
for certain paper mills in north Florida and south Georgia which penetrate 
same strata.—H. E. Babbitt. 


Water Supplies in Puerto Rico. Ocravio Marcano. Bul. of Dept. of 
Health, Puerto Rico 1: 1: 8 (Mar. ’37). Rural and municipal water supplies 
of Puerto Rico are reviewed from standpoint of sanitary control. Most sup- 
plies are unsatisfactory due to lack of watershed protection. Total popula- 
tion 1,697,378, of which one-third is served by 67 municipally owned public 
water supplies. Sources of supplies are 56 from streams and 11 from wells. 
Of total population 21.2% is served by filtered and chlorinated water, and 
2.24% by chlorinated water. Publicly owned water systems supply an urban 
population representing 11.22% of total population with water having no 
treatment of any kind. The Insular Department of Health is promoting 
filtration and chlorination for all public supplies. Greatest need is to con- 
vince authorities that proper maintenance of water systems for the protection 
of public health is as important as the installation —P. H. E. A. 


Colorado-New Mexico Compact Upheld. Anon. Eng. News-Rec. 120: 
601 (Apr. 28, ’38). Compact between New Mexico and Colorado for appor- 
tionment of waters of La Plata R. was upheld by U. 8S. Supreme Court on 
Mar. 25 and court held that provisions of compact take precedence over rights 
of private appropriators in Colorado, reversing decision of Colorado Supreme 
Court. Compact, approved by states in ’23 and given consent by Congress in 
'25, provides, essentially, that at times of low flow the waters should be divided 
equally between states. La Plata River and Cherry Creek Ditch Co., who 
originally brought suit, was held entitled in 1898 to divert 39} cu. ft. per sec., 
subject to prior appropriation of 19 sec.-ft. In June ’28, when entire flow of 
river was 57 sec.-ft., company contended that it was entitled to full flow except 
for prior 19 sec.-ft. Court held that since river flows between the 2 states, it 
must be equitably apportioned between them: hence, Colorado in 1898 could 
not confer on ditch company rights in excess of state’s fair share of river.— 
R, E. Thompson 


Directory of Important Water Supply Systems of Canada. ANon. Eng. 
Cont. Rec. 51: 12: 74 (Mar. 23, 38). Authoritative and up-to-date data are 
given concerning the water supplies of leading cities and towns of Canada, 
which are listed alphabetically according to provinces. The data given 
include the population served, source of supply, method of purification, 
pumping station and distribution system details, consumption, etc.—R. E. 
Thompson. 
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Water Works Statistics. Anon. Can. Engr. 74:25:90 (Jun. 21, ’38). Over 
40 pages of statistics are given for municipal water works in Canada, listed 
alphabetically. Information given includes source of supply, pumps, purificg- 
tion facilities, names of officials and data regarding distribution system 
services, mains, meter rates, etc.—R. E. Thompson. add 

The Current Year’s Waterworks and Sewerage Prospects in 1 thie Province 
of Ontario. A. E. Berry. Eng. Cont. Rec. 61: 20: 136 (May 18, ’38). Pro- 
spective new projects and additions to existing systems are reviewed. Esti- 
mated expenditures on waterworks programs decreased from av. of $5-6,000,000 
prior to depression to low of less than $300,000 in ’37. Extensive studies of 
pollution of international boundary waters are under way and sewage works 
construction in municipalities located on these waters is probable.—R. £, 
Thompson. 


Proposed Waterworks Schemes in Quebec. Rene Cyr. Eng. Cont. Ree. 
61: 20: 139 (May 18, ’38). Brief details given regarding proposed waterworks 
and treatment plant improvement projects.—R. E. seas 


“Wales Recent Water Works Practice. Arruur L. Surveyor 
(Br.) 93: 395 (Mar. 11, ’38). Underground sources of supply in Wales have 
been neglected because of uncertainty of success with wells. Cast iron pipe 
is uneconomical and less suitable for many purposes as compared with pipes 
introduced in recent years. Long pipe lines, in open country, need have only 
6” to 1’ of cover. 2% of the cast iron pipe laid have to be replaced annually 
because of corrosion, principally by electrolysis and soil corrosion externally, 
and incrustation and tuberculation internally. Lining will overcome internal 
corrosion difficulties. Periodic flushing also helpful. Pipe scraping recom- 
mended. Automatic pumps will operate unattended for days, aided by auto- 
matic recording instruments and alarms. Mass concrete walls recommended 
for service reservoirs, but for roofs, floors, and columns reinforced concrete 
should be used. Treatment to prevent corrosion, plumbo-solvent action, 
the removal of iron and manganese, for the removal of color, turbidity, organic 
pollution, taste and odor, sterilization, and water softening are all considered. 
The sources of water supply in Wales are such that the water generally requires 
some degree of correction.—H. EF. Babbitt. 


Lancashire (Eng.) Water Supply. Anon. Wtr. and Wtr. Eng. (Br.) 40: 
92 (Mar. ’38). Data is given from a Comm. report on water supplies of North, 
Central and South-East Lancashire. Area has pop. of 3,450,079; population 
density 2295 per acre, 47 water supply authorities, supplying 98% of people. 
Total water consumption during ’35 amounted to 118,333,000 gal. per day. 
Tabulation of present and future resources given with certain recommenda- 
tions.—Martin E. Flentje. 


‘ 
ve 
4 


A BSTRACTS. oF 


WATER WORKS LITERATURE 14 


20, No. 8) 


The Preparation and Value of Geological Water Statistics. J. Benr. Gas-u. 
Wasser. 80: 875 (’37). Describes steps already taken to collect information 
on water resources of Germany. Increasing domestic, agricultural and 
industrial demands necessitate increased control and regulation of flow in 
rivers, construction of canals, reconstruction of streams and treatment of 
sewage. Information must be collected on which a general scheme for the 
utilization of water resources can be constructed. The Deutsche Verein von 
Gas- und Wasserfachmannern has already published chemical statistics of 
German water supplies and in a new edition of these statistics intends to add 


geological information. A questionnaire which has been sent out for this 
1098 


purpose is given.—W. P. R. ada 

Water Supplies of the County of St. Gallen and the Principality of Liechten- 
stein. E. Weiser. Monatsbulletin (Swiss) 17: 274 (Nov. ’87) and 17: 292 
(Dec. ’37). The drought period has forced communities to enlarge present 
and seek new water supplies. Present day standards for judging water supply 
higher than 20 yrs. ago. In the territory discussed springs have been used 
for many yrs. and continue to be most common sources of water supply, be- 
lieved however well water should play more important réle. Only one surface 
supply in use, supply of St. Gallen; this is filtered through slow sand filters. 
Geologic factors governing character of water in various sections is given in 
considerable detail. In standards used for judging the quality of spring water 
no typical coliform bacteria should be present in 20 ce. and total count should 
be less than 100. Well water standards are stricter,—count to be less than 10 
and no coliform organisms in 100 cc. which standards are also used for other 
treated waters. Slow sand filtration not now recommended for this region, 
rapid sand and chlorination used more and more. In some cases chlorine- 
ammonia used to prevent chlorophenol and drug tastes.—Martin E. Flentje. 


Data of Water Supply in Hungary. R.Papr. Viz. Kézl. 19: 67 (’37). Most 
of Hungary is a plain with small rivers of very variable flow. Most of the 
towns and communities occupy large areas, making central water supplies 
expensive. Of 57 towns only 27 have water works and only 24% of the 9 mil. 
inhabitants are served from central supplies. There are many small supply 
companies. Where there are no water works the State Hygienic Institute 
exercises control over the wells. Wells have generally to be deep; there are 
6,000 wells of an average depth of 200-300 m. and many are deeper than 1,000 m. 
The author gives a formula by which an estimation of the cost of new water 
works can be made without designing the works in detail. An authority 
should be established to control all affairs connected with water supply but if 
this is not feasible there should be an organization for securing cooperation 
between the different authorities —W. P. R. 


Capturing Water in the Desert. R. O. C. Tuompson. Eng. News-Rec. 
120: 327 (Mar. 3, ’38). - Av. annual rainfall in Baluchistan, northwest India, 
is only about 8” and hence water is very precious. Water from melting snow 
and occasional storms which is absorbed into stony floors of torrent beds is 
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tapped 60’ or so beneath ground surface at toes of fans of detritus where tor- 
rents emerge from hills and is conducted through underground water channels 
or karezes to villages or patches of cultivation, possibly several miles distant, 
The karezes, being driven at lesser slope than that of plain, eventually reach 
surface. They are constructed by erecting primitive windlasses and sinking 
rectangular shafts about 2’ x 4’ in cross-section to water-bearing stratum. 
Shafts are connected by narrow tunnel driven in both directions and just large 
enough for a crouching man to work in. No instruments are used to give 
center line and level and it is difficult to discover how the human moles succeed 
in joining up the burrows. As result of injudicious deepening and access of 
storm water through neglected shafts, internal earth falls occur and as these 
are removed tunnel gradually assumes form of a cavern. Sooner or later the 
karez collapses. The water trapped in the subsoil is not subject to logs 
through evaporation as would be the case in open reservoirs.—R. EZ. Thompson, 
‘on 


Water in the Desert. Sapik Baroupi. Eng. News-Rec. 120: 768 (Jun. 
, 38). Much the same scheme for tapping natural underground storage 
basins is employed in Syria as in Baluchistan (see preceding abstract). At 
present time there are over 1000 karezes (or kanayets as they are called in 
Arabic). Some date back 2000 yrs. or more. Most of tunnels were con- 
structed in solid rock strata (chiefly tertiary limestone) and had become filled 
with earth and silt: only during last 2 decades was hunt begun for these long 
lost water canals. Kanayets in Syria have cross-section of about 2’ x 5’ 
and slope varies between 2:10,000 and 1:500. Some are over 150’ deep and as 
much as 8 mi. long. Tunnels are often protected by masonry where internal 
earthfalls are probable and in few instances sides and floor are lined with a 
kind of natural cement to minimize water loss. Canals are well maintained.— 
R. E. Thompson. 


The Effect of Some Salts and Mixtures of Salts on Daphnia Magna. Ez 
NauMANN. Fysiogr. Sallsk. Lund Forh. 4: 11, 23, 41, 123, 129 (’35); Ber. ges. 
Physiol. 89: 292 (’36). Experiments on the effect of various 0.1 molar solutions 
on Daphnia magna were carried out. The older animals were more sensitive 
than the younger. In nature, Daphnia only occurs in waters with pH values 
above 7. They could live in pH values of 5-13 for 24 hrs. without any apparent 
harm. The pH value of weakly buffered water is altered by the animals them- 
selves when 1 animal per 10 c.c. is present. In distilled water 0.01 mg. of 
copper sulfate per liter causes death in 5 hrs., in hard tap water in 10 days. 
ee In soft water rich in humus the toxicity due to copper sulfate is reduced 
as the humus content increases. When much humus is present 0.01 mg. of 
copper per liter is almost harmless within a period of 10 days. Large indi- 
viduals are more sensitive than small. 10 mg. of zinc sulfate per liter has no 
effect during the first 5 hrs., but after this time signs of poisoning appear. 
The animals may live for some days but their color fades and they lose their 
power of reproduction. Zinc poisoning may be important in aquaria painted 
with zinc colors. The toxicity is not affected by the humus content of the 
water. Zeolites do not reduce the toxicity of zine sulfate but certain neutral 
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salts such as sodium and potassium chlorides have a favorable effect. Lead 
chloride in distilled water in relatively high concentrations could be resisted 
for a short time (10 mg. per liter was withstood for 5 hrs. but caused death 
in 24 hrs.). Paralysis and loss of color are caused. The toxicity of lead 
chloride is higher in distilled water than in tap water, water containing high 
concentrations of humus and water containing neutral salts.—W. P. R. 


Insects and Other Small Organisms in Water Works. H. M. Jerrmar. 
J. ost. Ver. Gas.-u. Wasser. 76: 1 (’36); Gas-u. Wasser 79: 953 (’36). Describes 
the animal organisms which may cause trouble in water works, their influence 
on the bacterial content of the water, and methods for their control. Polyps 
may form a lining inside the pipes and provide a habitat for other animals. 
High velocities of flow, abundance of dissolved oxygen, the presence of Crus- 
tacea and darkness are factors which favor their development. Fresh-water 
sponges may form greyish-yellow crusts on pipes and worms may develop, 
but these do not cause serious trouble. Mussels are a more serious problem 
and at a power station in Pomerania formed a barrier 14 m. high and several 
tons in weight in an open conduit. Asellus aquaticus is a frequent cause of 
trouble and is difficult to eradicate. Chironomids are the most frequently 
occurring insects. Measures which only remove the adult insects are of little 
use. Chlorine gas is not effective, but a colloidal solution of Dalmatian insect 
powder containing 3 mg. per liter kills Chironomid larvae. Ammonia is effi- 
cient in high concentrations. For complete eradication the repeated use of 
pyrethrum powder and ammonia is necessary. Coli bacteria are not intro- 
duced by insects but the total counts of bacteria are increased by the presence 
of Chironomids.—W. P. R. 


Experiments with Arrangements for Preventing the Entry of Well-worms 
into Water Supplies. H. Becmer. Kleine Mitt. Ver. Wasser-, Boden-u. Luft- 
hyg. 13: 343 (’37). Describes the characteristics and natural habitats of the 
well-worm Haplotazris gordioides, which is also known as Phreoryctes men- 
keanus, and the hairworm Gordius aquaticus, their occurrence in water sup- 
plies, and experiments made to determine the possibilities of removing well- 
worms from water by metal screens and sand filters. The well-worm and 
hairworm are both thin and threadlike but the former is ringed and the latter 
smooth. The well-worm lives in the earth above the ground water level and 
can easily enter springs and wells. It is also found in river mud, ditches, 
marshes and other damp places. It is hygienically harmless as it is not para- 
sitic; it may however contain pathogenic organisms. The hair worm however 
is parasitic in the young stage in insect larvae and later in fully developed 
water beetles, fish, etc., and emerges into the free water when mature. It 
can occur only in those water works which treat surface supplies and does not 
multiply in such works as the conditions are rarely suitable for the parasitic 
growth of the young stages. The conditions in water works treating ground 
water are however suitable for the development and growth of the well-worm. 
Experiments show that the well-worm may pass through fine-meshed wire 
screens even with meshes 0.5 mm. wide and also through fine sand filters of 
1 mm. grain size but may be successfully retained by filters with sand of 


0.5mm. particle size.—W. P. R. to 
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An Apparatus for Plankton Counting. P. Utuyorr. Int. Rev. Hydrobiol, 
$5: 15 (37). Detailed and illustrated description is given of apparatus for 
simplifying counting of large numbers of small animals. Low power binocular 
microscope used. Across the field of this a trough containing the animals can 
be moved by a foot pedal. Trough is supported on a framework mounted on 
stiff springs so that by pressing with the right hand different levels in the 
trough can be brought into focus. A series of five tapping keys, each leading 
to an automatic registering device, is operated by the left hand to register 
numbers of different species. A skilled observer can count 3,000-4,000 animals 
of five different species in an hour.—-W. P. R. 


Lake Muds and Their Plant Successions. R. Misra. Rep. Brit. Ags. 
297 pp. (37). Report of investigation on the effect on the rooted flora of the 
chemical and physical changes occurring in lake muds. As the bottom ofa 
lake gets older and more organic, Phragmites replaces Littorella and Lobelia 
in shallow water and in deeper water /soéles is replaced by pond weeds, water 
lilies and finally sedges. In newly colonized muds there is a wide range of pH 
value, but in organic muds it varies very little, the average being 5.8-6.0. 
On exposure to air these muds become very acid, and it is believed that under 
water special types of anaerobic decomposition prevent the development of 
acidity. As organic matter accumulates lime becomes deficient and plants 
such as Littorella and ]soétes cannot survive. Up to an organic content of 
about 25% the fertility of the lake bottom increases, but above this value 
decomposition is retarded and peat is formed. During these changes sub- 
stances which are toxic to many pond weeds accumulate. When organic muds 
are kept in contact with water the dissolved oxygen in the water is rapidly 
used up; organisms in the mud must therefore live under anaerobic conditions. 
—W. P. R. 


A Simple Device for Determining the Presence of Dangerous Amounts of 
Acid in Pond Water. F.Scuiemenz. Alig. Fisch. Ztg. 62: 5:71 ('37); Wass. wu. 
Abwass. 36: 147 (’37). The significance of the determination of the acidity 
and pH value of waters in which fish live is considered. A method is described 
for determining acidity using chlorphenol red as indicator. With a pH value 
below 5.4, the water is dangerous to carpandtench. A water containing much 
iron is dangerous at a pH value of 5.4.—W. P. R. 


Water Bureau Aids Poor Fish. Anon. The Intake (Los Angeles Dept. of 
Water and Power) 16: 7: 11 (Jul. ’38). 300% oxygen supersaturation of West- 
lake Park (Los Angeles, Calif.) lake water caused death of fish; believed due to 
oxygen surrounding gills. High oxygen content caused by heavy growth of 
Oscillaria on lake bottom; after killing with copper sulfate oxygen content 
decreased to normal and remaining fish lived.—Martin E. Flentje. 


Controlling Algae in Air Conditioners. S. H. Cotmeman. Text. World 87: 
2689 (°37); J. Text. Inst., Manchr. 29: A 175 (’38). The growth of algae in 
air-conditioning plants can be prevented as easily by regular cleaning of the 
spray chambers as by the use of chemicals such as chlorine, chloramines, potas- 
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A Practical Study of Procedures for the Detection of the Presence of Coliform 
Organisms in Water. Mac H. McCrapy. Am. J. Pub. Health 27: 1243 
(Dec. ’87). A report summarizing the results obtained by 21 cooperating 
Canadian and U. 8. labs, in a study of 6 different methods for detection of coli- 
form organisms in water. Total of 1213 water samples obtained containing 
lactose broth presumptives. On these 5 methods of confirmation tested, 
—“eompleted test’ of Standard Methods (SMC), brilliant green bile (BG), 
erystal violet (CV), fuchsin (F), and formate ricinoleate (FR) broths. On 
990 of above samples fuchsin broth also used as primary media in addition to 
lactose broth. Introduction of simple liquid confirmatory media originally ; 
made to eliminate vulnerable feature of Endo and E.M.B. agar plates, on which a 
coliform identification relatively easy on polluted water samples but fre- 
quently difficult for even experienced technicians when less polluted waters 
examined. Liquid media also requires less time and is less costly. The 1213 
water samples yielded 6043 lactose broth presumptives, each confirmed by the 
5 methods reported. All of the liquid media confirmatory tubes showing gas 
were further examined by the Standard Methods ‘‘completed test.”’ Follow- 
ing confirmed results were obtained: (1) no. of presumptives in SMC test 
procedure equalled 6043 on which (2) the SMC test indicated coliforms were 
present in 51.7% and in which (3) 60% probably contained coliforms as estab- 
lished by both the SMC test and other media results; the same figures respec- 
tively for BG (+SMC) being (1) 3488, (2) 88.1%, (3) 94.6%; CV (+SMC) 
(1) 3472, (2) 82.9%, (3) 90.6%; for F (+SMC) (1) 3804, (2) 80.8%, (3) 88%; 
for FR (+SMC) (1) 4097, (2) 78.1% and (3) 86.0%. The figure given after (3) 
is the percentage of positives obtained through both the completed test (after 
gas formation in the particular liquid confirmatory media) and the indication 
of positives in all the other liquid confirmatory medias, and is therefore an 
attempt to correct error of ‘‘completed test’’ procedure. The high percentage 
of 94.6% of BG presumptives is of interest, this figure probably underestimates 
true proportion. These studies indicate the error in usual Standard Methods 
“completed test,’’ following lactose broth presumptive, is often of considerable 
magnitude. The results of 5 methods of confirmation on the 6043 lactose broth 
presumptives in percentage of the total of sample portions (3628) from which 
coliform organisms were isolated by 1 or more of 5 methods is for lactose broth 
presumptives (LBP) + 5 procedures; 100% (% of 3628, confirmations); for 
LBP + SMC, 86%; LBP + FR, 112.9% (gas formation considered positive); 
LBP + BG, 96.1%; LBP + CV, 103.1%; and LBP + F, 104.9%. To indicate 
the variations obtained in the various test procedures and thus to eliminate 
the possible gross positive and negative errors that might creep into aggregate 
totals, calculation was made of positive and negative cumulative errors for 
each medium and method. In this an indication of a larger number of posi- 
tives by one media than was obtained by all the other media combined was 
considered a positive error, vice versa a negative one; these when totaled giv- 
ing the cumulative positive and negative error figures. In any presumptive 
confirmatory procedure intended to replace the usual ‘completed test’’ the 
(1) positive cumulative error must be very small compared with the total no. 
of samples shown to contain coliforms so that not too many supplies will be 
unjustly suspected, and (2) the negative cumulative error must be as small as 
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possible and preferably, not greater than that of the usual ‘‘completed test,” 
_ otherwise too many instances of contamination may be overlooked, The 
average + and — errors for all of the 21 labs for SMC was — 15.8 (only — erro, 
possible); BG: +-5.1 and —7.6; CV: +9.7 and —6.2; F: +17.2 and —5.4;FR:4% 
and —2.3. In most labs BG bile positive error not excessive and the negative 
error less than usual ‘‘completed test’’ error. Results obtained indicated 
brilliant green bile confirmatory method to be the most satisfactory of selective 
procedures, also that it compares very favorably with usual Standard Method 
“completed test’’ and for exam. of most waters might advantageously replace 
it. Results from finished waters suggest use of alternative completed test 
procedure with such waters; i.e. the employment of BG bile confirmatory 
method followed by attempted isolation of coliforms from fermentations jp 
this media. The results from fuchsin broth as a direct presumptive media 
24 or as a primary media were not so generally satisfactory as those obtained by 
aoe use of lactose broth followed by brilliant green bile-—Harry E. Jordan. 


Observations on the Significance of Esch. coli and Aer. aerogenes in the 
Interpretation of Water Analyses. I. Peracatio. Ann. d’Igiene 48:69 (’38), 
Samples of earth were collected from various Alpine mountain tops during 
July and August. They were suspended in saline, and plated, without 
enrichment, on lactose agar. Colonies of coliform bacilli were picked off 
and studied. The number of samples collected does not appear to be given, 
but 255 single colonies were examined. Of these, 246 belonged to the aerogenes 
type, i.e., M.R.—, V.P.+, citrate+, and 9 to the coli type, i.e. M.R.+, V.P.-, 
citrate—. In an examination of approximately 56 samples of feces derived 
from man, animals, and birds, every strain isolated proved to be of the coli 
type. These observations lend support to the view that Esch. coli is the pre- 
dominant coliform organism of the mammalian intestine, and that it is rarely 
found in nature in situations free from human or animal pollution. In judging 
the sanitary quality of water particular attention should be paid to the pres- 
ence of Esch. coli. The author would regard the presence of Aer. aerogenes 
in water as apparently of little importance.—B. H. 


Bacterium Pyocyaneum and Drinking Waters. A. Rocuarx G. ViEvx. 
Rev. microbiol. appl. agr., hyg., ind. 3: 14 (’37). A virulent strain was 
detected in water free from Esch. coli and H.S-producing bacteria. Antago- 
nism toward other species occurs under certain conditions. B. pyocyaneum 
should be regarded as an index of contamination and may possibly lead to 
human infection.—C. A. 


The Precipitation of Erythrosin by Members of the Colon-Aerogenes Group. 
Rawpu L. France AND JAMEs E. Futter. Zentr. Bakt., Parasitenk., IT Abt. 
97: 312 (’37). In following medium, all Esch. coli strains produced heavy red 
flocculent ppt. within 48 hrs. while Aer. aerogenes strains did not: dextrose 
5.0 grams, proteose peptone 3.0 grams, K2HPO, 3.0 grams, erythrosin 1.0 gram 


rs ‘< and distilled water 1000 cc. Indications are that dye enters into chem, com- 
ys bination with some constituent of peptone, resulting compd. being pptd. by 
acidity produced by bacterial activity on carbohydrate.—R. Thom: son. 
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of Hygiene (Br.) 13: 402 (May ’38). Original article in Arch. f. Hyg. u. Bakt. 
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On the Value of Wilson and Blair’s Bismuth Sulfite Medium in the Isolation 
of Bact. typhosum from River Water. A. D. Stewart anv S. C. GHOSAL. 
Indiana J. M. Res. 25: 591 (’38). To 1,000 cc. of water was added sufficient 1% 
solution of acid potassium phosphate to bring the reaction down to pH 6.8-7.0. 
Two cc. of a 5% alum solution were added, and, after shaking, the water was 
allowed to settle for a few hours. The supernatant fluid was discarded, and 
the last 200 cc. were centrifuged. The deposit was plated on Wilson and 
Blair’s medium. Bact. typhosum was isolated from 8 out of 78 samples of the 
river Hooghly at Calcutta between January ’35 and February ’36. Three of 
the positive results were obtained from 5 samples taken during the Hindu 
festival of ‘‘Ardhodaya Yoga’’ when large numbers of pilgrims were bathing 
in the river.—B. H. 


Some Notes on the Influence of Light on Colored Coli-Media. F. Lizsrrr 
anp L. Kaper. Antonie van Leeuwenhoek Nederl. Tijdschr. v. Hyg., Micro- 
biol. en Serol. 4: 164 (’37). The growth of coliform bacilli on Salle’s medium, 
which contains erythrosin, was found to be very irregular. Where no growth 
at all occurred, the medium was observed to be slightly discoloured. Investi- 
gation showed that this was due to the effect of light. The strongly fluorescent 
erythrosin apparently converted the shorter light waves (not necessarily 
ultra-violet) into longer waves with the accompanying production of hydrogen 
peroxide. Other dyes, such as eosin and fluorescin, had a similar effect. If 
the medium is exposed to light before inoculation, sufficient HxO. may be 
formed to inhibit growth entirely. Bacilli exposed to light in the presence 
of these dyes may be killed by the intracellular production of H,O, from the 
dye which the organisms have absorbed.— B. H. 


Notes on Steam Pressure Sterilization. (Published only in abstract), CARL 
J. Bucuer. J. Bact. 36: 641 (’38). ‘‘The largest surgical packs of dry goods, 
fluids and other materials were placed in the coolest part of a steam pressure 
sterilizer and sterilization carried out under varying conditions of time, 
pressure, volume, manner of loading, etc. Temperatures at the center of the 
volume of different materials, were recorded graphically at 3-minute intervals 
by means of a thermocouple. Time required to kill dried spores of Bacillus 
subtilis at the center of such packs was also determined. It was concluded 
that the unqualified statement made in text-books of bacteriology, that steam 
pressure sterilization performed in 20 to 30 min. at 15 lbs. pressure or 221°C, 
will kill all microbic life, is misleading. To perform steam sterilization effi- 
ciently many factors must be taken into consideration. Temperature and 
not pressure is the chief criterion of control. The time necessary for steriliza- 
tion varies with volume, density physical state of the article to be sterilized, 
load in the sterilizer, the nature of the material to be sterilized, the manner 
of loading the instrument, the position of certain articles in the sterilizer, 
and the mechanical structure of different types of pressure sterilizers.’’— 


The Disinfectant Action of Hot Soda Solution. H. M. von Jurruan. Bul. 
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119: 223 (’38). Abstract includes detailed report of investigation final cop. 
clusion of which is that for instrument sterilization a hot 1.5% soda solution 
is very much more actively germicidal than simple water, and that exposure 
of instruments to such solution in the autoclave at 110°C. for 10 min, can be 
relied upon for their complete sterilization.— P. S. Wilson. 


The Effect of Freezing on Bacteria. R. B. Haines. Proc. Roy, Soe,, 
Ser. B., 124: 451 (’388). Aqueous suspensions of young cultures—usually 
20 hrs. old—were prepared, and small quantities frozen rapidly with solid 
CO,. Viable counts were made before and after freezing. Results varied 
with different organisms. With the most susceptible, Ps. pyocyanea, about 
80% of cells were killed; with Esch. coli about 40%; with spores of B. mesen- 
tericus about 27%; and with spores of B. cereus0%. Rate of freezing had little 
effect on proportion of cells killed, and since size of ice crystals is presumed 
to vary with rate of freezing, the ‘‘mechanical destruction’’ theory is appar- 
ently discredited. Careful measurements of cells, particularly of large 
organisms such as Saccharomyces cerevisiae, failed to show any significant 
change in size on freezing or on thawing. No evidence that alternate freezing 
and thawing had any disruptive effect on cells. Bacterial suspensions were 
frozen rapidly at —70°C. and then stored at different temperatures below 0°C, 
At —20°C. rate of death was slow; for instance with Esch. coli 25% still alive 
after 163 days. At —1°C. and —2°C. on the other hand, death occurred 
rapidly, Esch. coli being reduced to 4% in 11 days. This effect was even more 
striking with Ps. pyocyanea, while with spores of B. mesenlericus there was 
practically no difference between rate of death at —20°C. and —2°C. Sug- 
gested that there is a critical temperature of storage in the frozen state for 
bacteria, analogous to muscle and approx. —1°to —2°C. Further experiments 
lead author to regard it as probable that death of bacteria in frozen state 
is due to some change in one moiety of the cellular proteins leading to denatu- 
ration and subsequent flocculation. Success of methods of rapid freezing, 
with desiccation, for storage of bacteria and sera probably due to fact that 
under such conditions no denaturation of the protein occurs.— Condensed 
from B. H. 


fra HEALTH AND HYGIENE 


* Typhoid Fever Cases in Indiana and Other States Traced to Contaminated 
Water Supply at Angola. U.S. Pub: Hlth. Repts. 53: 990 (Jun. 17, ’38). Con- 
taminated drinking water from a well near Angola, Ind., used by passengers of 
a bus line, has been found to be responsible for at least 52 cases of typhoid fever 
and 6 deaths in Indiana and other states. State Board of Health suggests fol- 
lowing remedial measures: (1) Establishment of full-time public-health units 
with adequate personnel to inspect all semi-public water supplies. (2) 
Strengthening of laws regarding inspection of water supplies. (3) Regular 
inspection and grading of sanitation and water supplies of all restaurants and 
other eating places. (4) Searching inspection of all interstate bus eating 
places. (This step already taken in Ind.).—R. E. Noble, 
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Fluorine Study. Anon. New Mexico Health Officer 7: 2:25 (Aug. ’87). 
Survey of all municipal and many private water supplies has been started 
by Chemistry Department of Univ. of New Mexico cooperating with the 
State Dept. of Public Health. Mottled enamel is known to exist in certain 
areas of N. M. and this study will give information regarding presence of 
fluorine, believed to be the cause of this affliction, in various water supplies.— 


Pp. H. E. A. 


The Effect of Fluorides on the Teeth. C. A. Kempr anp V. E. Newson. 
Proc. Iowa Acad. Sci. 43: 197 (’36). Ca fluosilicate, CuF: and a-fluoronaph- 
thalene caused mottling of tooth enamel but Al.F,, p-p’ difluorobiphenyl, 
p-fluorobenzoic acid and fluorobenzene did not. Ingestion of alum simul- 
taneously with fluorides prevents development of mottled enamel. Four 


references.—C. A. 


Danger of Lead Poisoning from Water Supplies. H. Fucuss, H. Bruns 
anp H. Havupr. Theodor Steinkopff, Dresden (Ger.), (’38). 102 pp. In 
June '30 there appeared in Leipzig a very large number of cases of lead poison- 
ing among dwellers in new buildings. Some 70 persons made claims for com- 
pensation. Part A—Legal: H. Fucuss. Deals with these claims and with 
question of legal responsibility for the effect on the water of the piping system 
within the houses. Part B—Hygienic and Medical. H. Bruns. Opens with 
accounts of occurrences of lead poisoning from various causes, a list of places 
in Germany in which lead poisoning has been traced to drinking in the present 
century, and discussion of the sources from which lead poisoning may arise 
and of the effect of lead on man, fish and other animals. The maximum safe 
dose which can be administered to humans in lead preparations varies from 
0.1 to 0.5 gram, cattle can receive 60-85 grams and ducks and hens about 20 
grams as lead oxide; greater amounts of pure lead can be taken, and lead sul- 
fate appears practically harmless. The amounts of lead normally found in 
the human body and the amounts given by various investigators as the limits 
for safety in a water supply are discussed. The effect of lead varies widely 
with different persons and the reason for different degrees of sensitivity is not 
known, though it is known that sensitivity is increased by certain conditions, 
e.g. alcoholism, strong excitement, or loss of blood. There is no acquired 
immunity but rather increased sensitivity after an attack of lead poisoning. 
The symptoms, difficulties of diagnosis, and methods of treatment are de- 
seribed. Particulars given of the Leipzig outbreak of ’30, including number 
of occurrences, their distribution in different parts of the town (all were 
dwellers in new buildings) and the relation between the occurrence of poison- 
ing and the age of the inhabitants. Persons who were in the habit of running 
water for a time to waste before drawing water for household use suffered less 
than those who did not take this precaution. On analysis quantities of from 
0.3-26.5 mg. of lead per liter (average 5.3 mg.) were found in water from taps 
closed over night; in samples taken at random through the day the average 
concentration was 3.5 mg. per liter and after two pails of water had been run 
off the average content was still 1.0 mg. per liter. The outbreak occurred in 
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June when the water demand was high, causing a lowering in the level of the 
_ wells and an increase in the content of aggressive carbon dioxide in the water; 
the heat also might have caused intestinal disturbances, which would i Increase 
sensitivity. The general opinion, however, is that the main cause was the uge 
of new lead pipes. A description is given of the water supply system of 
Leipzig. Records are insufficient to show whether any change in the supply 
took place at the time of the outbreak. In earlier years sudden increages jp 
the amount of lead in the tap water (‘‘Bleiwellen’’) had been noticed, espe. 
cially in ’29, when new wells had been put into service during the summer 
months; these wells were again in service in ’30. The increases were always 
in summer, and, as any considerable increase in the temperature of the water 
is improbable, the lowering of the ground water level appears to be responsible, 
The author discusses other occurrences of lead poisoning and concludes that 
the standards set by the Preussische Landesgesundheitsrat are satisfactory; 
these require that a water supply should not contain permanently more than 
0.1 mg. of lead per liter or temporarily more than 0.5-1 mg., preferably 0.3 mg., 
per liter. Part C—Chemical. H.Havpr. Discusses the conditions required 
for solution of lead in water and the effect of dissolved oxygen, air, and carbon 
dioxide. Much of the Leipzig supply is treated by aeration for removal of 
iron and it contains generally about 8 mg. of oxygen per liter. If carbon 
dioxide is also present, lead oxide formed inside pipes will be converted to 
carbonates, increasing in solubility as the amount of carbon dioxide increases. 
It is not sufficient to remove or decrease the free carbon dioxide; the water 
must be so altered in composition that the deposition of a protective layer is 
facilitated. With a sufficiently high carbonate hardness (7° German has been 
suggested) and no aggressive carbon dioxide, a protective layer of calcium 
carbonate with some iron ochre and lead carbonate will gradually form in 
pipes. The lead content of the water will then decrease and either disappear 
or reach a value at which it remains constant. The water from the two works 
which supply 90% of the Leipzig water does not contain sufficient carbonate 
hardness to form a protective layer, and it contains much oxygen and aggres- 
sive carbon dioxide. The effects of sulfates, chlorides and nitrates in the 
water, of traces of other metals in lead, and of contact with other metals 
(e.g., the effect of electrolytic action in tin-lined lead pipes when the lining 
is not continuous) are discussed. Examination of tap water for lead is not 
sufficient for protection; the character of the supply must be known and deter- 
minations of free carbon dioxide, oxygen and carbonate hardness are of the 
first importance. In Leipzig tap samples were examined every 12 to 16 mos. 
for lead and the half-yearly analyses made of the supply did not include free 
carbon dioxide, oxygen or carbonate hardness. The effects of time of contact 
and length of lead pipe, of variations in the contents of air and carbon dioxide 
and in the efficiency of operation of a de-acidifying plant, and of the addition 
to a supply of water of another type, and the importance of special precautions 
and public warnings about running off standing water when new pipes are 
being used are discussed. Dealing with methods of protection, the author 
considers that the only safety lies in constant chemical supervision and the 
best protection is a properly operated deacidification plant. Lead sulfide 
coatings, which were suggested for Leipzig, have been found to be no protec- 
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tion. Tin-lined lead pipes afford protection, but the water must be frequently 
examined for lead, the solution of which may be increased by electrolytic 
action. A brief historical account of the development of knowledge on the 
plumbosolvency of water is given. Author then discusses taking of samples 
for determination of lead, and gives a critical account of existing methods for 
the determination of lead. He recommends the method of Gad for small 
quantities, and for concentrations of over 5 mg. per liter a method utilizing the 
precipitation of lead chromate from solutions of lead to which acetic acid 
has been added; both these methods are described in Einheitsverfahren der 
Wasseruntersuchung. In conclusion Bruns and Haupt suggest means to be 
adopted for protection against lead poisoning, giving instructions for sampling 
and testing water for lead, for special precautions to be taken in new buildings 
and with supplies of variable composition, for taking samples for determina- 
tions of carbon dioxide and oxygen, and for methods of analysis of water. 
The maximum amounts of lead which the authors suggest as permissible are: 
in new buildings (inhabited for less than 6 months) after the first few days 
0.5 mg. per liter or, in exceptional cases, 1.0 mg.; in older buildings, 0.3-0.5 mg. 
per liter in the first water from a tap, later 0.3 mg. or preferably 0.1 mg. 
Where these conditions cannot be maintained the use of unprotected lead 
pipes should be forbidden, or special precautions, such as issuing warnings to 
users, attaching filters in houses, or installing a deacidification plant, should 
be taken. The importance of co-operation between health officers and water 
analysts is emphasized.—W. P. R.  sdud odd afd 
Chronic Arsenical Poisoning, Arsenical Cancer, Sickness of Belle Ville or 
Ayerza’s Disease. R. E. Tretizs. Bol. Obras Sanitarias Nacion (Buenos 
Aires) 1: 488 (Nov. ’37). The title indicates various names given to a chronic 
arsenical intoxication produced by drinking arsenic bearing water. The water 
from the first water-bearing stratum in some regions of Argentina, especially 
that of Belle Ville, has been found to contain as high as 4.5 p.p.m. arsenic. 
Appreciable quantities of vanadium are also found in the arsenic bearing 
waters. Relationship has been noted between content of fluorine and of 
arsenic and vanadium in waters from some formations. Toxic effect of 
arsenical waters is characterized by appearance of a special pigmentation of 
the skin. This is followed by the formation of characteristic callouses which 
finally degenerate into typical arsenical cancer. Several photographs of the 
hands and feet of people suffering from this disease show the dreadful condi- 
tion produced by this type of intoxication. Due to the many factors affecting 
the toxicity of the arsenic naturally found in water, it is impossible to state 
its allowable concentration. A plea is made to the medical profession for 
cooperation in determining the source of arsenic in the various Ayerza’s 
disease cases which they observe. An interesting observation is that regions 
which have greatest amount of arsenic in the water-bearing stratum closest 
to the surface, are characterized by their fertility —J. M. Sanchis. 


Experimental Vanadium Poisoning in the White Rat. Estaer PETERSON 
Danret R. D. Linus. U.S. Pub. Hith. Repts. 63: 765 (May 13, ’38). 
Sodium metavanadate in amounts to give 11.5, 23, 92, 184 and 368 p.p.m., 
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respectively, of vanadium in the ration of rats produced toxic symptoms at 
the three highest levels. The animals receiving 11.5 and 23 p.p.m. showed no 
gross symptoms. Deaths occurred in the group given 368 p.p.m. Doses of 
2 to 4 mg. vanadium administered daily by stomach tube as solns. of sodium 
metavanadate or sodium orthovanadate caused acute poisoning and death of 
rats weighing between 40 and 350 grams. Animals under 300 grams usually 
died sometime between the 2nd and 4th day, while the heavier animals lived 
for a slightly longer period. There was no evidence of a cumulative effect 
from vanadium ingestion. Provided the daily tolerance level was not ex. 
ceeded, many animals receiving a total quantity of vanadium far in excess of 
the lethal dose lived for weeks, some in an apparently normal-condition. 
Included are 7 tables and 2 photos. [These findings suggest the probability 
that tolerance for man is considerably above the amounts of vanadium likely 
to be ingested with water.]|—R. E. Noble. 


The Reaction Between Copper Pipes and the Iodized Water Supplied the City 
of Utrecht (Netherlands). J. F. Rerra anp C. P. van Disk. Chem. Week- 
blad 36: 102 (’38). Iodine (50 y per liter, as KI) has been added to the Utrecht 
water supply since Aug., ’36. It seemed desirable to det. the loss of I of the 
water on standing in Cu pipes. One of the Cu pipes was As free, 2 contained 
0.32-0.33% As, and 1 was tin plated. The first 3 gave essentially the same 
result, i.e., loss of 25-50% of the I on standing 16 hrs. but there was no decrease 
in Iin the tin-plated tube. The I removed from the water was not on the inner 
wall of the pipe, and is probably to be found in the water that subsequently 
passed through the pipe. The water in the 3 Cu pipes contained 0.4-2,6 mg. 
Cu per liter. Water in the tin-plated pipe contained 0.4-0.6 mg. Cu per 
liter.—C. A. 


Prevention of Goiter in Michigan and Ohio. O. P. Kimpatu. J. Amer. 
Med. Assoc. 108: 860 (’37). A re-survey of goiter incidence in school-children 
made in ’35 shows a very marked decrease among those using iodized salt in 
their diet. This iodized salt, containing one part of potassium iodide to 5,000 
parts of salt, was first put on the market throughout Michigan in ’24. The 
value of this method of goiter prevention can be seen from the following 
table 


Per cent 
Total Goiter Goiter 
‘Used iodized salt 47,360 1,363 2.88 
Never used iodized salt.................... 9,429 1,839 19.29 

Use of iodized salt indefinite............... 5,778 316 5.47 


It has been shown that salt can be iodized accurately, but regular analysis by 
the Dept. of Health is necessary to ensure that the iodine content is as adver- 
tised. The public requires to be interested and educated in the value of this 
means of goiter prophylaxis. In this wide survey no harmful effects of any 
kind were found to result from the use of iodized salt.— B. H. 


Industrial Cadmium Poisoning. F. M. R. Butmer, H. E. RoTaweit, 
anv E. R. Franxisx. Bul. of Hygiene (Br.) 18: 355 (May ’38). Orig. article 
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in Canadian Pub. Health J. 29: 19 (’38). Cases are cited proving the high 


degree of toxicity of fumes from heated cadmium.—P. S. Wilson. 


be WELLS AND GROUND WATER 


; New Formulas for the Calculation of the Yield of Wells. Hoxturr. Gas-u. 


Wasser. 81: 170 (Mar. 5, 38). Discussion of paper by Victor Setinsky, (see 
abstract J. A. W. W. A. 30: 709 (Apr. ’38)). Holler considers Darcy’s calcula- 
tion, assuming the flow proportional to h} — h*, more correct than Setinsky’s 
formula which assumes the flow proportional to Vhp—h. Darcy’s formula 
is based on pressure loss and neglects velocity head and Setinsky uses only 
the latter. Professor Setinsky answers that he does not believe that the laws 
of the free fall cease to act at the surface of the soil. The observed veloeities 
are a proportional part of the free fall velocity, the factor depending on soil 
conditions. Darcy’s formula shows in its limits such discrepancies that it has 
to be rejected from the theoretical standpoint. [Prof. Setinsky’s work has 
to be considered as giving a new viewpoint to the theory of wells, so far domi- 
nated by Darcy’s work. Much experimental work is required to. a the 
relative merit of each theory.]|—Maz Suter. 
bavors 
Wells and Water Supply. J. G. Gorpon, Jr. Eng News- ec inagalt 

(Apr. 21, ’38). Three outstanding developments in conatiuction of OS in 
sand and gravel formations are: (1) Mechanical and hydraulic underreaming 
processes which make possible max. well efficiency. (2) Improved methods 
of gravel packing, ensuring positive gravelling and greater yields. (3) Ce- 
menting of wells for permanence and safety. These are discussed and their 
application illustrated by description of construction of new wells in Blythe- 
ville, Ark., and Houston, Tex. Former is 1450’ deep, water-bearing strata 
extending from depth of 1310’ to bottom, and in the latter 7 different water- 
bearing strata were incorporated, first being encountered at depth of 580’ 
and last terminating at 1227’. Houston is largest municipality in U. 8. 
depending entirely upon wells for its water supply. Twenty wells yield 
45 m.g.d. and 3 units under construction will increase available supply to over 
55 m.g.d. Underreaming can be carried out at depths of several thousand ft. 
Mechanical gravelling has been effected to depths of 3-4000’ and there is no 
reason why it cannot be applied at any depth.—R. E. Thompson. 


New Material for Well Screens. J. L. Roporcu. Water (Neth.) 22: 73 — 
(Apr. 8, ’38). Eight new wells. Screens 10 to 17.5 meters long are of red slit 
copper; pipes of asphalted seamless steel. One well furnished with perforated 
earthen-ware screen. Copper wire screens clogged every few years.—Willem 
Rudolfs. 


“Remanit 1800M.”, a New Material for Well Filters. H. Houcarpy. 
Pumpen-u. Brunnenbau, Bohrtechn. 32: 773 (’36); Wass. u. Abwass. 36: 41 
(37). Describes the properties and methods of use of ‘‘Remanit 1800M.’’, 
& chromium-manganese steel containing 18% chromium, 9% manganese, 
0.4% silicon, and 0.10% carbon.—W. P. R. 
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A Water Station Without Pump House or Pumper. C. R. KNow gs. Ry. 
Eng. & Maint. 34: 323 (’38). The Illinois Central R. R. in ’37 replaced the 
steam boilers and reciprocating deep well pumps at its Crenshaw, Miss, water 
station with electric driven deep well turbines automatically controlled, 
The av. monthly consumption is 1,250,000 gal. Two 8” two stage deep wel] 
turbine pumps each driven by a 3 hp. vertical motor were installed in two 
10” wells 110’ deep. Motors are weather-proof and no building is used, being 
protected merely by a wire fence. Float switches in the storage tank are uged 
for automatic control. No trouble has developed in over a year and the opera- 
tion is very economical.—R. C. Bardwell. 


Drainage Well Sanitation. Frep A. Saray. Florida Health Notes 9; 
7: 109 (Jul. ’37). The use of drainage wells as a means of disposing of excegg 
water, sewage, etc., with utter disregard to the pollution of underground 
water is definitely a public health menace. Florida laws, namely Sec. 2161, 
2162, 2163, 2164, of the sanitary code are cited. The purpose of these laws 
is to protect the underground waters of the state against undue contamina- 
tion.—P. H. E. A. 


Renewing Underground Water Supply. F.H. Tisperrs. Eng. News-Ree. 
120: 361 (Mar. 10, ’38). Underground water storage basins in Santa Clara 
Valley, Calif., are being replenished successfully with aid of percolating areas 
on which are spread flood waters that have been held temporarily in surface 
storage behind 5 dams built for purpose. Program, adopted in ’29, has been 
amply justified. Well logs indicate that about 10% of valley fill which is 
tapped consists of water-bearing materials, or aquifers (probably buried 
stream channels). The fact that pressure was formerly available to support 
artesian wells in some areas supports theory that aquifers pinch out in marine 
clays at lower end of valley. Estimated that within feasible pumping lift of 
200’ there is available, under district, storage for 10-20 times the total surface 
storage. Underground storage has supplied 40,000-acre-ft. overdraft per yr. 
for last 20 yrs. of subnormal rainfall but water table had dropped av. of 100 
or more, reaching all-time low in Nov. ’34. Replenishment is effected by 
(1) natural streambed percolation, (2) artificial streambed percolation (reser- 
voirs) and (3) off-channel percolation (winter irrigation) by means of low 
diversion dams, canals and distributing works. Each of these is discussed. 
Coyote Creek percolating reservoir (class 2) is formed by collapsible dam 10’ 
high and 150’ long which is removed prior to winter floods to prevent silting 
of reservoir. Total amount of water put to beneficial use in ’37 (a normal rain- 
fall and runoff season) was about 102,000 acre-ft. or about 60% of total runoff: 
about 40% of this was passed underground through use of artificial works. 
From all-time low in ’34 to Jan. 1, ’38, water table has risen more than 100’ 
in places near percolation works. In main or central portion of valley, av. 
annual rise has been uniform, total being more than 30’, of which nearly 50% 
occurred during ’37. Last yr., reservoir releases on principal streams made it 
possible to supply percolation areas during summer and practically eliminated 
usual summer drop in water table. This appears to make the spring rise 4 
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‘ Rec. 120: 883 (Jun. 23, 38). Construction will be commenced shortly on 
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rmanent gain. Underground storage has been replenished in av. yrs. at a 
rate about 3 times as fast as it had been going down.—R. E. Thompson. 


Flood Control in Orange County Ready for Early Start. Anon. Eng. News- 


flood control and water conservation program in Orange Co. Calif., which 
includes creation of storage or retarding basins on each of 8 streams by earth- 
fll dams. Including incidental work and land damage, estimated cost is 
$15,248,000, of which $12,748,000 is to be provided by federal government. 
From 724 to ’36, depth to water table, as measured at 15 points, has increased 
10’-110’, averaging 44’. Cost of bringing in water from outside sources is 
estimated at $15 per acre-ft. Important feature of program, therefore, is 
conservation of floodwater now wasted into sea and digtribution of same 
through spreading basins into underground reservoirs. Completion is ex- 
pected inabout 3 yrs. Essential data regarding dams is given in tabulation.— 
R. E. Thompson. 
Ground-water Resources for Industry. R.R. Scuweitzer. Mfrs’. Ree- 
ord 107: 5: 5, 44, 56 (’38). A survey covering the Brunswick basin in Georgia 
and Florida, the Mississippi embayment from Alabama to Minneapolis and 
the variation in the mech. construction of wells throughout the south of the 
U.8.—C. A. 


Water Supplies from the No. 1 Sand in the Vicinity of Parlin, N. J. Special 
Report 7, N. J. State Water Policy Commission, (’37). Henry C. BARKSDALE. 
Various N. J. communities in neighborhood of Perth Amboy and South Amboy 
obtain water supplies from sands of Raritan formation in which 3 sands are 
known as No. 1, No. 2 and No. 3 —Nos. 1 and 3 being valuable water-bearing 
beds. Principal source of municipal supplies is upper or No. 3 sand, No. 1 
sand however furnishes all or part of all water supply for several large indus- 
trial plants south of the Raritan River. Av. withdrawal in ’29 was approx. 
8 m.g.d., in ’35 increased to about 10 m.g.d. Pumping has lowered water 
level about 110’ in some places since 1897 and has caused considerable anxiety 
about permanency of supply particularly among operators of chemical plants 
at Parlin. Studies made so far indicate lowering of head has not been out of 
proportion to the increase in pumpage and the safe yield has not thus far been 
exceeded unless salt water has access at some point within the cone of depres- 
sion of the wells in the area. Probable however that safe yield of the sand is 
being approached.—Martin E. Flentje. 


Collection of Water from Sandy River Beds. M. Pinser. Technique Sani- 
taire (Fr.) 33: 41 (Mar. ’38). Based on successful water collection systems of 
porous cement pipes, constructed at Gien and Nevers, it was decided to use 
a similar method to obtain potable water for St. Cyr-sur-Lorie, St. Sympho- 
rien, and St. Radegonde-de Towraine. Since, in this case, it was impossible 
to lay porous cement pipes in the river bank, it was decided to sink a reinforced 
cement cylinder with porous vertical side walls and an imperious cover, 2.5 m. 
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diam. with 32 em. walls. Low water depth determined the height of 2,25 q 
Water was drawn from this by a suction pump. Work finished in Sept, 9 
Author does not wish to give impression that collection of water through 
porous cement is the only or best method; but that this little used method jy 
entirely satisfactory.—Willem Rudolfs. 


Underground Water Table for Wells in the Department of Eure-et-Loj, 
M. H. Larerrere. Technique Sanitaire (Fr.) 33: 14 (Jan. ’38). The pape 
deals with a study of available water supply for wells made by the autho 
from '34 to ’36 in the Department of Eure-et-Loir. Geological formation 
are largely chalk and limestone, with some sand and clay. True water table 
are found in the limestone and sand; in the chalk water is localized in fissures, 
Therefore, it is better to avoid artesian wells in chalky regions. An under. 
ground water table extends over the entire department; its hourly flow esti. 
mated at 64,000 cu. meters, eight times the estimated needed supply. The 
geological formation varies greatly and, except for the Voves-Orgéres region, 
it is best to avoid artesian wells. Generally wells of large diameter are con- 
sidered preferable. Studies of the annual rainfall indicate 81.2% evaporation, 
15.8% infiltration and 3% runoff. Temperature of 1066 well waters varied 
from 10 to 12°C.; many waters are practically constant at 11°C. Some 14 
analyses indicate that in general the water is potable.—Willem Rudolfs. 


The Behavior of the Deep Underground Waters of the Paris Drainage Basin, 
A. Visert. Technique Sanitaire (Fr.) 33:45. (Mar. ’38). Discusses the fears 
felt that the underground water supplies of the Paris basin are being ex- 
hausted. States some of the theoretical causes and remedies. Public interest 
led to passing of a control law in August, ’35, which may be of great help. 
Situation not yet serious. First practical suggestion is to guard against too 
great concentration of artesian wells, and the wasting of subterranean waters. 
Abandoned wells should be filled to avoid intercommunication between dif- 
ferent water tables. A contour map is attached showing water-bearing sands 
of Paris basin; pumping stations are discussed and illustrated.—Willem 

Rudolfs. 


Chemical Analysis of Some Mineral Waters from Oradea (Rumania) and 
Bihor District. Ga. Guimicescu anp I. Varé6pr. Ann. sci. umiy, 
Sassy Part II. 24: 134 (’38). Analyses of slightly mineralized waters found 
by drilling through various horizons are given together with the depth and 
; thickness of the horizon and the temp. of the water. The fifth water encoun- 
tered at Oradea (149 meter, 18°) contained methane and was ferrous Ns 

bicarbonate in type.—Condensed from C. A. 
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